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RESUME 
Results of two types of exploratory research are 
recorded in this thesis: Part one deals with the 
compositional studies of minor seed oils/cakes and Part two 
embodies the work related to the synthesis of oxygen, sulfur, 
nitrogen and phosphorus-containing fatty acid derivatives. 
PART ONE 
In continuation of chemical screening programme of wild 
oil-yielding species to explore the oil seed potential of 
forest flora, few oils/cakes have been examined for their 
fatty acid profile and protein contents. 
A. MINOR SEED OILS 
Oil-bearing seeds of seven wild species, Boswellia 
serrata (Burseraceae), Terminalia ariuna (Combretaceae), 
T. belerica (Combretaceae), T. chebula (Combretaceae), 
T. royriocarpa (Combretaceae), Careya arborea (Myrtaceae), and 
Syzyqium cumini (Myrtaceae) have been analyzed by using 
various chromatographic and spectroscopic techniques. 
B. serrata and T. ariuna seed oils are characterized by the 
presence of 60-70% unsaturated acids comprising mainly oleic, 
linoleic and linolenic acids. Both oils may serve as drying 
il 
oils. The seed oil of T. chebula is a moderate source of 
oleic (14.0%), linoleic (18.3%) and palmitic (13.9%) acids. 
Significant feature of the other species analyzed is the 
presence of high content of palmitic acid, 49.0%, 43.7%, 
36.6% and 32.4% in the seed oils of T. mvriocarpa, S. cumini, 
T. belerica, and C. arborea respectively. 
B. PROTEIN CONTENT OF MINOR SEED CAKES 
Thirteen non-conventional seeds, Moringa pteryqosperma 
(Moringaceae), Bauhinla retusa (Fabaceae), Ponqamia pjnnata 
(Fabaceae), Mucuna pruriens (Fabaceae), Nymphaea nelumbo 
(Nymphaeaceae), Heliotropium eichwaldi (Boraginaceae), 
Acrocarpus fraxinifolia (Caesalpiniaceae), Casuarina 
equisetifolia (Casuarinaceae), Vinca rosea (Apocyanaceae), 
Lapidium sativum (cruciferae), Peganum harmala (Rutaceae), 
Xanthium strumarium (Compositae), and Aleurites montanae 
(Euphorbiaceae) having high oil content have been analyzed 
for protein content by using Biuret method. Moringa 
pteryqosperma and Mucuna pruriens were found to contain 46% 
and 42% of protein content respectively. In other species, 
protein content ranges from 6.7 to 26%. These seed cakes have 
also been analyzed qualitatively for essential amino acids. 
PART TWO 
This part describes the synthesis and characterization 
of long chain fatty heterocycles such as, pyrroles, thiazolo-
iii 
tetrazines, spiro-oxathiolanedihydrotetrazoles and phospholi-
dinones from dioxo, oxo, epoxy and hydroxy fatty compounds, 
respectively. 
A. PREPARATION OF PYRROLES 
An attempt has been made to prepare pyrrole fatty 
derivatives from fatty 9,12-dioxo acid by using different 
amides and amines such as acetamide, benzamide, urethane, 
benzylamine and p-toluidine as reagents and toluene-para 
sulphonic acid (p-TSA) used as catalyst. 
9,12-Dioxooctadecanoic acid (II) when treated with 
amides in benzene in the presence of p-TSA yielded 8-
{N-acetyl-5-hexylpyrrol-2-yl)octanoic acid (HI), 8-(N-
benzoyl-5-hexylpyrrol-2-yl)octanoic acid (IV) and 8-(N-
carboethoxyl-5-hexylpyrrol-2-yl)octanoic acid (V) and in case 
of amines no p-TSA was used, yielded 8-{N-benzyl-5-hexyl 
pyrrol-2-yl)octanoic acid (VI) and 8-(N-p-tolyl-5-hexylpyr-
rol-2-yl)octanoic acid (VII) in moderate yield. 
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B. PREPARATION OF LONG CHAIN THIAZOLOTETRAZINES AND THEIR 
ANALOGUESs 
Treatment of ethanolic solution of fatty 0x0 esters 
(VIII, X, XII) with thiocarbohydrazide in acetic acid 
afforded methyl 12-[tetrazine-3'-thione]octadecanoate (IX) 
methyl 9-(tetrazine-3'-thionejoctadecanoate (XI) and methyl 
10-[tetrazine-3'-thionejundecanoate (XIII), in fairly good 
yield. 
R 
ethanol 
R-CO-R' + H2NHN-C-NHNH2 > HN NH 
f) acetic acid, | | 
S stirring HN NH 
(VIII, X, XII) (IX, XI, XIII) 
R R' 
(VIII) (IX) = (CH2)5CH3, (CH2)10COOCH3 
(X) (XI) = (CH2)8CH3, (CH2)7COOCH3 
(XII) (XIII) = CH3, (CH2)8COOCH3 
Analogues of methyl 10-[tetrazine-3'-thione]undecanoate (XIII): 
Methyl 10-[tetrazine-3'-thione]undecanoate (XIII) on 
further treatment with reagents such as chloroacetic acid, 
1,2-dibroinoethane and 2-mercaptoethanol in different reaction 
conditions afforded methyl 6'(7•H)-oxo(4'H)-[2H]thiazolo-
[3,2-b]-tetrazine-3',10-undecanoate (XIV), methyl 6',7'-
dihydro(4'H)-[2H]-thiazolo[3,2-b]-tetrazine-3',10-undecanoate 
(XV) and methyl 10-[3'-spirooxathiolanetetrazine]undecanoate 
(XVI) in good yield. 
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C, PREPARATION OF LONG CHAIN SPIROOXATHIOLANEDIHYDROTETRAZOLES 
The epoxy compound (XVII) when refluxed with 
l-aryl-l,4-dihydi:otetrazole-5-thione in DMF in the presence 
of lithium bromide (LiBr) as catalyst, resulted in the forma-
tion of the following products (XVIII, XIX) in high yield. 
R"-N NH 
N N 
R-CH - HC-R' > 
LiBr/DMF 
^0' 
(XVII) (XVIII, XIX) 
R = H 
R' = (CH2)8COOCH3 
(XVIII) : R" = Ph 
(XIX) : R" = 4-F-C6H4 
Similar treatment of epoxy compound (XX) with 1-aryl-
l,4-dihydrotetrazole-5-thione afforded isomers of the 
compounds (XXI, XXII). 
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D. PREPARATION OF LONG CHAIN PHOSPHORUS CONTAINING FATTY 
COMPOUNDS 
The successful synthesis of phosphorus derivatives from 
long chain hydroxy ester (XXIII) using phosphorus 
oxychloride, triethylamine and 0, N, S containing reagents 
(ethyleneglycol, 2-mercaptoethanol, ethanolamine and et-
hylenediamine), respectively, afforded phospholidinone 
products (XXIV, XXV, XXVI, XXVII, respectively) in good 
yield..pa 
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SUMMARY 
Results of two types of exploratory research are 
recorded in this thesis: Part one deals with the 
compositional studies of minor seed oils/cakes and Part two 
embodies the work related to the synthesis of oxygen, sulfur, 
nitrogen and phosphorus-containing fatty acid derivatives. 
PART ONE 
In continuation of chemical screening programme of wild 
oil-yielding species to explore the oil seed potential of 
forest flora, few oils/cakes have been examined for their 
fatty acid profile and protein contents. 
A. MINOR SEED OILS 
Oil-bearing seeds of seven wild species, Boswellia 
serrata (Burseraceae), Terminalia ariuna (Combretaceae), 
T. belerica (Combretaceae), T. chebula (Combretaceae), 
T. mvriocarpa (Combretaceae), Careya arborea (Myrtaceae), and 
Syzyqium cumini (Myrtaceae) have been analyzed by using 
various chromatographic and spectroscopic techniques. 
B. serrata and T. ariuna seed oils are characterized by the 
presence of 60-70% unsaturated acids comprising mainly oleic, 
linoleic and linolenic acids. Both oils may serve as drying 
ii 
oils. The seed oil of T. chebula is a moderate source of 
oleic (14.0%), linoleic (18.3%) and palmitic (13.9%) acids. 
Significant feature of the other species analyzed is the 
presence of high content of palmitic acid, 49.0%, 43.7%, 
36.6% and 32.4% in the seed oils of T. myriocarpa, ^ . cumini, 
T. belerica, and C. arborea respectively. 
B. PROTEIN CONTENT OF MINOR SEED CAKES 
Thirteen non-conventional seeds, Morinqa ptervgosperma 
(Moringaceae), Bauhinia retusa (Fabaceae), Pongamia pinnata 
(Fabaceae), Mucuna pruriens (Fabaceae), Nymphaea nelumbo 
(Nymphaeaceae), Heliotropium eichwaldi (Boraginaceae), 
Acrocarpus fraxinifolia (Caesalpiniaceae), Casuarina 
equisetifolia (Casuarinaceae), Vinca rosea (Apocyanaceae), 
Lapjdium sativum (cruciferae), Peganum harmala (Rutaceae), 
Xanthium strumarium (Compositae), and Aleurites montanae 
(Euphorbiaceae) having high oil content have been analyzed 
for protein content by using Biuret method. Morinqa 
ptervgosperma and Mucuna pruriens were found to contain 46% 
and 42% of protein content respectively. In other species, 
protein content ranges from 6.7 to 26%. These seed cakes have 
also been analyzed qualitatively for essential amino acids. 
PART TWO 
This part describes the synthesis and characterization 
of long chain fatty heterocycles such as, pyrroles, thiazolo-
iii 
tetrazines, spiro-oxathiolanedihydrotetrazoles and phospholi-
dinones from dioxo, oxo, epoxy and hydroxy fatty compounds, 
respectively. 
A. PREPARATION OF PYRROLES 
An attempt has been made to prepare pyrrole fatty 
derivatives from fatty 9,12-dioxo acid by using different 
amides and amines such as acetamide, benzamide, urethane, 
benzylamine and p-toluidine as reagents and toluene-para 
sulphonic acid (p-TSA) used as catalyst. 
9,12-Dioxooctadecanoic acid (II) when treated with 
amides in benzene in the presence of p-TSA yielded 8-
(N-acetyl-5-hexylpyrrol-2-yl)octanoic acid (HI), 8-(N-
benzoyl-5-hexylpyrrol-2-yl)octanoic acid (IV) and 8-(N-
carboethoxyl-5-hexylpyrrol-2-yl)octanoic acid (V) and in case 
of amines no p-TSA was u^ sed, yielded 8-{N-benzyl-5-hexyl 
pyrrol-2-yl)octanoic acid (VI) and 8-(N-p-tolyl-5-hexylpyr-
rol-2-yl)octanoic acid (VII) in moderate yield. 
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COCH3 (VI) : CH2C6H5 
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B. PREPARATION OF LONG CHAIN THIAZOLOTETRAZINES AND THEIR 
ANALOGUES: 
Treatment of ethanolic solution of fatty 0x0 esters 
(VIII, X, XII) with thiocarbohydrazide in acetic acid 
afforded methyl 12-[tetrazine-3'-thione]octadecanoate (IX) 
methyl 9-(tetrazine-3'-thione]octadecanoate (XI) and methyl 
10-[tetrazine-3'-thionejundecanoate (XIII), in fairly good 
yield. 
R R' 
ethanol 
R-CO-R' + H2NHN-C-NHNH2 > HN' IQH 
fl acetic acid, | | 
S stirring HN NH 
^^^^^' ^' ^I^) (IX, XI, XIII) 
R R-
(VIII) (IX) = (CH2)5CH3, (CH2)10COOCH3 
(X) (XI) = (CH2)8CH3, (CH2)7COOCH3 
(XII) (XIII) = CH3, (CH2)8COOCH3 
Analogues of methyl 10-[tetrazine-3'-thione]undecanoate (XIII): 
Methyl 10-[tetrazine-3'-thione]undecanoate (XIII) on 
further treatment with reagents such as chloroacetic acid, 
1,2-dibromoethane and 2-mercaptoethanol in different reaction 
conditions afforded methyl 6'(7'H)-oxo(4'H)-[2H]thiazolo-
[3,2-b]-tetrazine-3',10-undecanoate (XIV), methyl 6',7'-
dihydro(4'H)-[2H]-thiazolo[3,2-b]-tetrazine-3',10-undecanoate 
(XV) and methyl 10-[3'-spirooxathiolanetetrazinejundecanoate 
(XVI) in good yield. 
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C. PREPARATION OF LONG CHAIN SPIROOXATHIOLANEDIHYDROTETRAZOLES 
The epoxy compound (XVII) when refluxed with 
l-arYl-l,4-dihYdrotetrazole-5-thione in DMF in the presence 
of lithium bromide (LiBr) as catalyst, resulted in the forma-
tion of the following products (XVIII, XIX) in high yield. 
R"-N NH 
I I 
N N 
R-CH - HC-R' > 
LiBr/DMF 
"0' 
(XVII) (XVIII, XIX) 
R = H 
R' = (CH2)8COOCH3 
(XVIII) s R" = Ph 
(XIX) : R" = 4-F-C6H4 
Similar treatment of epoxy compound (XX) with 1-aryl-
l,4-dihydrotetrazole-5-thione afforded isomers of the 
compounds (XXI, XXII). 
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(XXI, XXII) 
vii 
R = CH3(CH2)7 
R' = (CH2)7COOCH3 
(XXI) 
(XXII) 
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: CH3(CH2)7 
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(CH2)7COOCH3 
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D. PREPARATION OF LONG CHAIN PHOSPHORUS CONTAINING FATTY 
COMPOUNDS 
The successful synthesis of phosphorus derivatives from 
long chain hydroxy ester (XXIII) using phosphorus 
oxychloride, triethylamine and 0, N, S containing reagents 
(ethyleneglycol, 2-inercaptoethanol, ethanolamine and et-
hylenediamine), respectively/ afforded phospholidinone 
products (XXIV, XXV, XXVI, XXVII, respectively) in good 
yield..pa 
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PART ONE 
Studies on Seed Lipids and 
Proteins 
CHAPTER 1 ' A. Component Fatty Acids 
of Minor Seed Oils 
B, Pro te in Content of 
Minor Seed Cakes 
INTRODUCTION 
Plant seeds are renewable potential raw materials which 
provide a large number of industrial products. Some of 
these products such as oils, fats and proteins have greater 
importance due to their food and nutritive values. Dietary 
fats play a significant role in the developing nations as 
their calorie density is more than twice than that of 
carbohydrates and proteins. 
The recent trend of research in oils and fats is 
directed towards the metabolism of fats and their role in a 
variety of diseases because of their physiological 
significance. It is now recognized that the essential fatty 
acids are linked with prostaglandin synthesis and the 
involvement of lipoprotein in the structure of cell membranes 
is the key role played by fatty compounds in human nutrition. 
In recent years, the increasing cost of petrochemicals, 
phobia of coronary heart disease and obesity have focussed 
more attention towards the use of vegetable oils as a 
substitute for animal fats and petrochemicals. The recent 
growth of oleochemical industry has highlighted the 
production of renewable sources of vegetable oils. 
Consequently the production and utilization of oils and fats 
and their fatty acids have grown both in size an*d diversity. 
In developed countries tremendous amounts of plant 
proteins are being used in various food products after 
suitable processing. Unfortunately in our country seed 
proteins find very limited use, mainly because of the lack 
of research and the expensive processed protein. 
Thus in view of the great potential of plant seeds, 
their exploitation as a source of proteins, vegetable oils 
and fatty chemicals is of great importance in context to 
overall shortage of edible oils and proteins in India. A 
large number of minor or lesser known oilseeds are available 
abundantly in forest areas. Therefore, keeping in view the 
above objectives, the present-work deals with preliminary 
work related to fatty acid analysis and estimation of protein 
content in various seeds. 
The acute shortage of edible oils and chronic 
malnutrition of the people in India are the two problems 
which need the attention of oil technologists. 
A. COMPONENT FATTY ACIDS OF MINOR SEED OILS: 
THEORETICAL 
The acyl lipids are derivatives of fatty acids. Nearly 
one thousand fatty acids have been discovered and their 
number is increasing rapidly. The most commonly occurring 
natural fatty acids are: palmitic (16:0), stearic (18:0), 
oleic (18:1), linoleic (18:2) and linolenic (18:3). Besides 
these a large number of functionalized fatty acids have also 
been discovered as major and or minor constituents of seed 
fatsl'2, rpj^g variation in the fatty acid composition of seed 
fats is observed from genus to genus, species to species, and 
family to family. 
Seed fats of the plants belonging to the same botanical 
family often show similarity in their fatty acid composition 
and it is also observed that some times specific acids are 
restricted or preferred to a particular group of plant 
species. An imposing number of new and novel fatty acids have 
been discovered possessing structural characteristic quite 
unusual according to our earlier concepts. 
The unsaturation amongst Cj^ g acids in seed fats is not 
as much common as in C^Sf though the monounsaturation has 
bGGn found at 3, 5, 6, 7 and 9 position. Some of the exciting 
unsaturated fatty acids are reported from the seed oils of 
Thunberqja alata-^ , Zanthoxylum alatum'^ , Ochna squarrosa^, 
0. artopurpuria^/ Rourcopsis obliguifoliata^t Grevillea 
robusta^, Leucas cephalotes^, L. urticaefolia^Q and 
Diplocyclos palmalus^^. Fatty acids containing 
acetylenicl2,13 moiety, in nature, are not as common as 
olefinic unsaturation. Cyclopropenoid containing fatty acids 
are the common naturally occurring, among the cyclic fatty 
acidsl4-28, 
A large number of hydroxy group containing fatty acids 
have been identified from the seed lipids of Hiptage 
benbhalensis^^, Vinca rcsea^Q^, Nymphaea stellata-^^^, 
Strophanthus sarmentotus^^, Wrightia tinctoria^^, w. 
tomentosa^^ W. coccinea^-^, Annona squamosa^^, Peganum 
harmala^S, Baliospermum axilare^^ and Plantago major^ "^ . 
Natural oxo fatty acids are much less common than 
hydroxy. The oxo acids were obtained from the seed lipids of 
Chrysobalanus icaco^^, Monnania emarginata-^^ and Plantago 
ovata.^Q A novel dioxo fatty acid was isolated from Hevea 
brasiliensis^^. A natural furanoid fatty acid was isolated 
from Exocarpus cuperssiformus'^^. Epoxy fatty acids have been 
reported from the seed oils of Mucuna pruriens^-^, Hibiscus 
cannabinus'^^, Cepharia syriaca^^, Vernonia roxburghii'^^, 
Mucuna ^  prur/ita'^ ^ and Vernonia volkmriaLf olia^^. The cyano-
lipids are also reported in the literature.1'2 
Isolation and characterization of Fatty Acids 
Over the last few decades advances in the methodology 
for lipid analysis have been noteworthy.^^ The valuable 
techniques in the analysis of oils are thin-layer 
chromatography (TLC), column chromatography, argentation 
chromatography, gas-liquid chromatography (GLC), high 
performance liquid chromatography (HPLC), counter current 
distribution, spectroscopic and chemical methods. 
Among the chromatographic techniques, TLC is one of the 
most important analytical tool of the current lipid research. 
TLC proved successful and widely adaptable in the separation 
of lipids. The use of adsorption^^, reversed-phase^^, 
argentation52,53 chromatography etc. wererapidly adapted in 
the analytical procedures for detection, separation, 
isolation and characterization of various classes of fatty 
acids. 
The past few years have seen a great revival of 
interest in liquid column chromatography (LCC) for analytical 
purposes54-56, jn recent years, the preparative GLC has 
successfully been exploited in the isolation of pure 
fractions from a complex mixture. HPLC is another landmark in 
the chain of chromatographic techniques. Fatty acids have 
been separated as methyl esters, phenyl esters and 2-napthyl 
esters employing HPLC.57-60 
Likewise, various spectroscopic techniques (high 
resolution H^ NMR, ^^C NMR^l, LCMS^2 and GCMS) offer 
satisfactory solution and sometimes unexpected advantages for 
the analysis of unknown fatty compounds. 
Besides the above described recent techniques some 
classical chemical methods generally used for the analysis of 
lipids are catalytic hydrogenation, hydroxylation, oxidative 
degradation, partial hydrogenation and partial oxidation, 
Diels-Alder reaction and hydrogen bromide reaction. 
During the last few years there has been a steady 
progress in the development of new analytical procedures and 
improvement in the existing methods such as ion-exchange 
chromatography^^ for the separation of acidic and neutral 
lipids, vacuum dry column chromatography^'^ for speedy 
separation of fatty acid mixtures, silver resin chromato-
graphy65,66^ h^ gl^  performance TLC^^^ alumina plate TLC^^ fo^ 
the separation of unsaturated acids, silver sulphamate^^ as 
an argentation and charring reagent, wideline and high 
resolution NMR70, j-apid iodine value determination using 
mercuric acetate?! and alkyl thiolation72 ^f unsaturated 
fatty acid^ to determine the position of unsaturation. 
Halphen73 and Tortell-Jaffe74 tests are used for the presence 
and colorimetrically assaying of cyclopropenoid fatty acids. 
DISCUSSION 
Analysis of Minor Seed Oils 
The acute scarcity and rising prices of vegetable oils 
for edible purposes and industrial use have stimulated 
research in the screening of oil-bearing seeds from wild 
plants for finding non-traditional sources of vegetable oils. 
The current trend of research to solve scarcity of vegetable 
oil is to analyse the uncultivated wild/uncommon seed oils 
systematically which may discover oils containing either a 
high concentration of one of the common natural fatty acids 
or less common or unkown acid having a structure of 
industrial interest. These current trends are associated 
with the phytochemical screening of plant seeds found 
abundant through out the world. Another significant role 
expected to be played by vegetable oils is in solving the 
energy crisis. 
The intensive investigations on the use of vegetable 
oils as diesel fuel are carried out in USA^S, which may 
change the spectrum of petroleum-based industries. In an 
attempt to search economically feasible oil yielding species 
from a broad spectrum of plant kingdom, a programme has been 
taken up at the author's laboratory for a number of years for 
the collection and analysis of uncultivated seeds. Osman and 
Ahmadl have published a review of this work. The review has 
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described a few oil-rich species that show sufficient promise 
as alternative sources of vegetable oils. Till now, the 
species from rare or less familiar botanical families have 
received only limited attention. However, some of these 
little known species seem to provide excellent candidates for 
the production of desirable seed oils. 
In continuation of minor seed oil screening programme 
carried out in our laboratory'^ "^'^ ,^ a study of seven seed 
oils (Table-1) belonging to different plant families was 
undertaken in the hope of finding some seed oils of possible 
commercial value. 
The petroleum ether extracted oils were analyzed by 
chemical ' methods, spectral and chromatographic techniques. 
Conjugation and unusual functions including trans-
unsaturation were checked by UV and IR respectively. Absence 
of unusual groupings was also confirmed by various 
chromatographic techniques. The oils were then converted into 
their methyl esters and were analyzed by direct and silver 
ion TLC and GLC. 
The quantitative estimation of fatty acid components on 
a gas chromatogram was achieved by comparing retention time 
with those of the authentic fatty acid methyl esters. The 
seeds and oilfi characteristics are shown in Table-1 along 
with the GLC analysis data of the fatty acid methyl esters. 
Boswellia serrata, Roxb. (item 1) of Burseraceae 
family, is found in Swalik range and hills of Merwara 
(India). A transparent gum is obtained from this tree.'^ ^ Gum 
may also be a source of furfural, used in manufacture of 
nylon and plastic. It also acts as expectorant, diuretic, 
stomachic and used in diarrhoea, dysentry, pulmonary 
affections and cutaneous troubles.80 The seeds yield 15% of 
oil. 
The seed oil of B. serrata was found to contain 
palmitic (24.9%), palmitoleic (1.2%), oleic (10.8%) and 
linoleic (52.7%) acids. Usually linoleic acid is present in 
minor amount in Burseraceae family^^, but the seed oil of B. 
serrata was found rich in this acid. It has ordinary 
palmitic-oleic-Jinoleic composition. Our analysis by GLC 
shows linoleic acid as a major component, followed by oleic 
acid. The high concentration of total unsaturated acidS 
(6A.8%) suggest that it may serve as 'linoleic-rich' drying 
oil. The total saturated acid5(16:0, 24.9 and 18.0, 7.7) 
content is 35.0%. 
Termlnalia arjuna, Roxb. Wight & Arn. (item 2), belongs 
to Combretaceae family, it is cultivated throughout the 
sub-Himalayan tracts of uttar Pradesh, South Bihar and Chota 
Nagpur (India). The bark of various species of Tennin^n^ is 
used for the treatment of mild diuretic82 ^^d fairly potent 
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cardiac stimulants.^3 This species falls in the category of 
palmitic-oleic-linoleic^l rich oil. The seeds yield 6% oil. 
The oil (item 2)is composed of oleic (45.9%), linoleic 
(10.9%) and linolenic (10.2%) acids as unsaturated 
components. Moderate amount of palmitic acid (24.7%) is 
present together with small amount of stearic (1.0%) and 
behenic (3.3%) acids. The combined content of 
oleic-linoleic-linolenic (67.0%) acid may be placed item 2 in 
the drying group of oils. 
Terminalia belerica, Roxb. (item 3), is a species of 
Combretaceae family. It is a large deciduous tree with thick 
dark-grey bark. It is found on plains and lower hills 
throughout India. Dried fruit is astringent^ fruit-pulp is 
employed in opthalmia and bark in diuretics, demulcent and 
purgative^O. GLC analysis of methyl esters showed palmitic 
(36.6%) and linoleic (35.8) acidSas two major components. 
Terminalia chebula, Retz (item 4), Combretaceae 
family. It occurs mainly in the forests of Northern India. 
Fruits are laxative and stomachic tonic. Fruit pulp is used 
in dentifrices. The fatty acid composition by GLC analysis 
indicated that the oil is composed of oleic (14.0%), 
linoleic (18.3%), linolenic (5.2%) acids and appreciable 
amount of palmitic (13.9%) acid together with small amount of 
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stearic (4.8%) acid. The GLC results have also indicated the 
presence of short chain fatty acids in appreciable amounts 
(10:0, 12.8%; 12:0, 13.5%; 14:0, 12.7%). Since the demand 
for solid fats for the manufacture of various confectionery 
products, the composition of this oil is quite similar to 
cocoa butter. 
Terminalia mvriocarpa. Heurk. & Muell. (item 5), 
Combretaceae family. It is cultivated in the forests of 
Dehradun and Saharanpur (India). Wood is used for house 
building transmission poles heavy packing-cases, furniture, 
and for general purposes - match-boxes, jute mill vollers. 
Bark is used in the treatment of diuretic and as a cardiac 
stimulant.^0 The oil content of T. mvriocarpa seeds v/as 
found to be 7%. The GLC data showed the presence of 65-9% 
saturated acids, palmitic (49.0%) and stearic (11.4%) acids 
along with appreciable amount of unsaturated fatty acids, 
oleic (14.1%), linoleic (18.2%) and linolenic (1.8%) acids. 
Small amounts of short chain acids are also present (10:0, 
2.4%; 12:0, 1.6%; 14:0, 1.5%). 
Careva arborea: Roxb. (item 6). This species is 
belonging to Myrtaceae family. It is cultivated in sub-
Himalayan tracts of Rohilkhand, Punjab and Bengal (India). 
The bark is used as a demulcent in cough and colds, in the 
preparation of an emollient embrocation. Further it is used 
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as antipyretic and antipuritic in eruptive fever particularly 
in small-pox.^^ The seeds are reported to be poisonous. 
The fatty acid profile by GLC has revealed the presence 
of oleic (22.3%), linoleic (21.7%), linolenic (5.1%), 
palmitic (32.4%), stearic (11.3%) and behenic (2.0%) acids. 
Total unsaturated components constituted 49.1% while total 
saturated acid comprises 48.2% of the oil. 
Syzyqium cumini, Linn. (item 7), is of Myrtaceae, 
family. It is large ever green tree. The fruits are largely 
eaten raw. It grows chiefly in more deciduous places along 
water channels. The seeds of S. cumini are very useful in 
diabetes.^5 The bark is very astringent and is used in sore 
throat, bronchitis, asthma, ulcer and dysentry. 
This oil is composed of oleic (16.7%), linoleic 
(24.0%), linolenic (3.0%) and palmitoleic (6%) acids. It also 
contains a high content of palmitic (43.7%) acid together 
with small amount of stearic (4.2%) acid. It was reported^^ 
that the seed lipids of S. cumini and C. arborea (item 6) 
contain 50% of saturated fatty acids. 
In conclusion it may be added that such type of 
screening analysis work may help in exploring the potential 
of little-known species rich in oil content or specific acid 
which could provide excellent candidates for further 
developmental research, both chemical and agronomic. 
EXPERIMENTAL PROCEDURES 
MATERIAL AND METHODS 
(1) Sources of seeds 
The seed samples for the present analyses were obtained 
by staff botanists under contract in various part of the 
country or by purchase from commercial seed suppliers. 
(2) Extraction of Oil 
Cleaned and dried samples of seeds were ground in a 
disintegrator. The powdered seeds were extracted repeatedly 
with light petroleum ether (40-60^0 in a soxhlet apparatus 
for 6 hrs. The extracted oils were dried over anhydrous 
sodium sulphate. The solvent was removed in vacuo. The 
analytical values of oils and seeds were determined according 
to the AOCS methods87. 
(3) Preparation of Mixed Fatty Acids 
Seed oils (1 g) were refluxed with 1 N ethanolic 
potassium hydroxide ( 6 ml) for 1 hr. The unsaponifiable 
material was removed by extraction with ether and the free 
fatty acids were obtained by acidification of the aqueous 
layer. 
(4) Methyl Ester 
Fatty acids (0.5 g) samples were refluxed for 1 hr in 
large excess of absolute methanol (lo ml) ^^^, • • 
sulphuric acid ro 7 i, contaanang 1% 
acid (0.1 ml). In each case rpc^ni-• 
' 'resulting mixtures 
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were diluted to the cloud point with water, chilled in ice 
bath, and then extracted repeatedly with diethyl ether. 
Combined ethereal extracts were dried over anhydrous sodium 
sulphate, filtered and the solvent was evaporated in vacuo. 
(5) Thin Layer Chromatography (TLC) 
Analytical TLC was performed on glass plates coated 
with 0.25 mm thick layer of silica gel G. The spots on TLC 
plates were visualized by spraying them with a 20% 
aqueous solution of perchloric acid and heating in an oven 
(110° C) for 10 mts. Preparative TLC was performed on 1.0 mm 
thick silica gel layer and hexane - ether (70:30 v/v) was 
used as a developing solvent. The plates were sprayed with 
0.2% ethanolic nolution of 2',7'-dichlorofluorescein and 
viewed under uv .light. For reversed-phase TLC, the dried 
coated plates were uniformly impregnated with 5% silicon oil 
in hexane. Acetonitrile-acetic acid-water (70:10:20, v/v/v) 
were used as a developing system. 
(6) Gas Liquid Chromatography (GLC) 
The quantitative estimation of methyl esters were 
carried out by using a Perkin-Elmer F-11 Chromatograph model 
equipped with flame ionization detector using stainless 
steel packed column (2 m x 3 mm), coated with 15% 
diethylene-glycol succinate (DECS) on chromosorb W (45-60 
mesh). The separation were carried out isothermally at 200 
o 
C, chart speed 0.76 m/hr with nitrogen flow of 70 ml/minute. 
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(7) Infrared (IR) 
IR spectra were recorded on Shimadzu 408 spectrophoto-
meter as a liquid film or as 1% solution in carbon 
tetrachloride. 
(8) Ultraviolet (IJV) 
UV spectra of oils were recorded on Pye Unicam PU 8800 
spectrophotometer in methanol. 
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B. PROTEIN CONTENTS OF MINOR SEED CAKES 
THEORETICAL 
The progress in the field of protein chemistry has been 
slow but steady. Substantial progress particularly in the 
field of protein as related to nutrition, has been made, yet 
many fascinating but difficult problems await solution. New 
chemical and physiological methods and tools have been 
developed in order to study the very complex structure and 
physicochemical properties of these substances. 
Plant seeds are generally a rich source of proteins as 
compared to other parts of plants. Legume seeds have a high 
level of protein content ranging from approximately 20 to 40 
per cent. Legumes are the major sources of proteins and other 
nutrients in the diets of almost all countries around the 
world. Pulses and soybeans have been shown to be rich in 
proteins, however, their contribution in a diet does not 
depend on its quantity alone but on its quality as well. 
The amino acid composition of pulses has been widely 
studied^Q. it has been observed that pulse proteins are 
mainly deficient: in sulphur-containing amino acids and 
tryptophan but are rich in lysine in which cereals are 
relatively deficient. Conkerton89 have analysed three peanut 
cultivars (Virginia, red-skinned and white-skinned Spanish) 
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and compared as potential protein supplements for food uses. 
Adams^O determined the amino acid composition of peanut 
cultivars by gas chromatography as their n-propyl-N-acetyl 
esters. Holla^l hag also extracted proteins from peanuts 
flour. This protein can be used in many commercial products. 
Cater et aJ.^^ have isolated protein from peanut. This can be 
used in preparing liquid drink like Milpro Miltone, Vitasoy, 
Coffe creamer and solid powder drink. Hanafy et aul.^ ^ have 
carried out extensive work on fortification of groundnut with 
chickpeas and soya. Jones and Gerdorf^^ reported that the 
sesame seeds are rich in both protein and oil. The 
utilization of oilseed meals as supplementary protein source 
for human consumption has received considerable attention in 
recent years. The protein contents of the sesame seed is 
usually between 19 to 25%, 'but higher and lower figure have 
also been reported.^^,96 ^he amino acid composition of sesame 
protein has been reviewed by Johnson and Raymond^^. Guerra 
and Parl<98 have extracted protein from sesame seeds and 
determined its molecular weight by sodium dodecyl sulphate 
(SDS) polyacrylamide gel electrophoresis, Laskar and 
coworkers-99 have extracted protein from deoiled seed of 
'^^^^""^ qj^andis (Teak seed). The nitrogen content of teak 
seed protein was estimated by Holt and SosulskilOO, and 
hydrolyzed it In sealed evacuated tubelOl ^^ id amino acid 
composition was determined by using amino acid analyzer. 
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Shankaral02 ^^g analysed the amino acid and minerals from 
sandal seed (Santalum album). Cater^O^ h^g isolated protein 
from cotton seeds and found it to be a potential source of 
food protein. Grahm ejb aj,.-^ '^*'-'-^ ^ reported successful use of 
cotton seed protein for malnourished children. Joshi^^^ has 
isolated protein from Celistanthus collinus seeds. 
Jain and Shilarkar^O^ has reported the amino acid 
composition of protein from one variety of sunflower seeds. 
Laskar et aJ,.^ ^^  have extracted protein from defatted seeds 
of Eucalyptus kirtoniana. 
DISCUSSION 
In the present work, protein content of non-
conventional seeds having high oil content is determined with 
a view to obtain information about their utilization. The 
work deals with the isolation and estimation of protein and 
qualitative analysis of amino acids of the following seed 
cakes/meals: 
Morinqa pterygosperma (Moringaceae), Bauhinia retusa 
(Fabaceae), Ponqamia pinnata (Fabaceae), Mucuna pruriens 
(Fabaceae), Nymphaea nelumbo (Nymphaeaceae), Heliotropium 
eichwaldi (Boraginaceae), Acrocarpus fraxinifolia (Caesal-
piniaceae), Casuarina equisetifolia (Casuarinaceae), Vinca 
rosea (Apocyanaceae), Lapidium sativum (Cruciferae), Peqanum 
harmala (Rutaceae), Xanthium strumarium (Compositae), and 
Aleurites montanae (Euphorbiaceae). All the seed samples 
analysed are easily available in different part of India. 
The percentage of oil, moisture, ash and protein of 
seed meals are given in Table-2 and amino-acids in 
Table- 3. The proteins were isolated from thirteen samples 
of meals using 10% NaCl solution at pH 8.0 adopting the 
method of Jain^^^. The protein content ranging from 6.7 to 
46.0% are given in Table-2, which were estimated by Biuret 
method-^ ^^ "-^ -'--'-. Previous studles-^ -'-^ ' •^-'-•^  show that the seed 
meals of P. pinnata and B. retusa contain 22 and 59.36% of 
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the protein respectively. In the present study P. pinnata was 
found to have the same amount of protein as reported earlier, 
but B. retusa was found to contain 2 % of protein instead of 
59.36%. Presence of significant amount of protein in all the 
samples except 10, 11, 12 (Table-2) suggests further research 
work for their possible utilization. The seed meals of M-
pruriens and M. ptervgosperma containing 42% and 46% of total 
protein, respectively, and it could be a very good source of 
plant proteins and needs detail research work. The amino acid 
composition of protein was directly determined from defatted 
seed cakes. The seed cakes were hydrolysed^^ with 6N HCl in 
a sealed evacuated tube at 120OC for 20 hrs. Hydrochloric 
acid was removed under reduced pressure and the residue 
dissolved in a small amount of water and neutralized by 
adding dilute solution of ammonia and then dried. The residue 
was diluted with water and paper chromatographed^^ employing 
descending technique on a Whatman (no.3) paper using n-
butanol-acetic acid-water (12:3:5, v/v/v) as developing 
solvent. Amino acids were visualized on chromatogram by 
spraying ninhydrin reagentH^ and heating the paper at lOQOc 
for a few minutes. Rf values of amino acids were measured and 
compared with those of authentic samples. The amino acids 
were identified as valine, isoleucine, phenylalanine, 
triptophane, threonine, methionine, lysine, histidine and 
arginine (Table-3). 
EXPERIMENTAL PROCEDURES 
MATERIAL AND METHODS 
Protein used for standard calibration Bovine Serum 
Albumin (BSA)jWas purchased from Sigma Chemical Co., USA and 
the seed samples for the present study were obtained by staff 
botanists, under contract in various parts of the country or 
purchased from commercial suppliers. 
(1) Extraction of oil 
Cleaned and dried seed samples were ground in a 
disintegrator. The powdered seeds were extracted repeatedly 
with light petroleum ether (40-60°C) in a soxhlet apparatus, 
and then extracted with chloroform to ensure complete removal 
of lipids. The acetone washed defatted seeds were used for 
protein analysis. 
(2) Isolation and Estimation of Protein 
Biuret method was used for the estimation of proteins 
from deoiled seeds. The total protein content is commonly 
determined by some modification of Biuret reaction in which 
the protein reacts with alkaline copper tartarate solution to 
give a violet colour. The colour developed by the reaction 
between a protein and a Biuret reagent depends on the 
composition, alkalinity of the reagents, time, temperature, 
and to a slight extent on the nature of protein. 
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T X 7.5 
= g% ... (2) 
S 
(3) Acid hydrolysis 
The defatted meals (2 g) of each samples were 
hydrolysed with 6N HCl (10 ml) in a sealed tube at 120°C for 
20 hrs. The total hydrochloric acid was removed under reduced 
pressure and the elute dissolved in a small amount of water. 
It was neutralized by adding dilute solution of ammonia and 
then dried. 
(4) Paper chromatography 
The mixture of amino acids obtained from hydrolyzed 
seed proteins and standard amino acid samples were spotted on 
Whatman (no.3) paper with glass capillary. The paper sheet 
was then placed in a vapour tight chamber with one edge of 
the paper dipping into a solvent system (n-butanol-acetic 
acid-water; 12;3;5, v/v/v). After the development, the paper 
was air dried. The amino acid spots were visualized by 
spraying the paper with ninhydrin solution and then heating 
at 70°C till the coloured spots appeared. The spots were 
identified by comparing their Rf values with the reference 
samples. 
(5) Preparation of ninhydrin solution 
Ninhydrin (500 mg) was dissolved in acetone (20 ml) and 
to this, acetic acid (3 ml) was added. The solution was then 
diluted with n-butanol (100 ml). 
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The deoiled seeds were washed with acetone and dried in 
air. The 1 g o£ deoiled acetone washed seeds was taken in a 
beaker containing 20 ml of 10% NaCl (pH 8.0) and stirred for 
1 hr at room temperature, then centrifuged at 5000 rpm and 
the suspension was filtered through Whatman filter paper. 
Biuret solution was prepared by dissolving 4.5 g of 
sodium potassium tartarate in 250 ml of 0.2N NaOH, and 1,5 g 
CUSO4.5H2O. 2.5 g KI were then added to the above solution 
and was made up to 500 ml with 0.2 N NaOH. 
Distilled water (3 ml) was taken in a test tube, 3 ml 
of standard protein (BSA) of known concentration was taken in 
the second test tube and distilled water (2.8 ml) followed by 
unknown protein (0.2 ml) were added in the third test tube. 
Biuret reagent (5 ml) was then added in all the three test 
tubes. The test tubes were kept at 37°C for 15 mts and the 
intensity of the colour was measured on a colorimeter and the 
amount of protein in g % was calculated by using the 
following formula: 
T 
-— X C ... (1) 
S 
Unknown sample reading 
oZ""!^""! 7 7 ^ concentration of standard 
Standard sample reading 
Standard (BSA) = 0.5% 
0.5 X 3 
Concentration of Standard = = 7 5 q 
0.2 
Table-2 
S.No. Species Oil 
content 
% 
Protein Moisture 
% % 
Ash 
1. Morinqa pterygosperma 
(Moringaceae) 
2. Bauhinia retusa 
(Fabaceae) 
3. Ponqamia pinnata 
(Fabaceae) 
4. Mucuna pruriens 
(Fabaceae) 
5. Nvmphaea nelumbo 
(Nymphaeaceae) 
6. Heliotropium eichwaldi 
(Boraginaceae) 
7. Acrocarpus fraxinifolia 
(Caesalpiniaceae) 
8. Casuarina eguisetifolia 
(Casuarinaceae) 
9. Vinca rosea 
(Apocyanaceae) 
lO.Lapidium sativum 
(Cruciferae) 
ILPeqanum harmala 
(Rutaceae) 
12.Xanthium strumarium 
(Compositae) 
13.Aleurites montanae 
(Euphorbiaceae) 
18 .9 
30 .6 
39 .0 
5.0 
17 .0 
20 .0 
10 .0 
8 
34 
29 , 
1 5 . 
2 5 . 
4 8 . 
. 0 
. 0 
.0 
,6 
0 
0 
46.0 
26 .0 
22 .0 
42.0 
2 1 . 7 5 1 3 . 1 1 
22 .50 11 .76 
27 .50 28 .29 
17 .00 5.67 
16 .70 19 .72 9.20 
13 .30 2 0 . 2 1 14 .22 
2 0 . 3 3 1 8 . 1 1 13 .60 
23 .66 14 .10 11 .22 
18 .4 1 2 . 0 85 .5 
6 .7 1 0 . 0 7 .0 
7 .0 9 .0 6.0 
6 .7 10 .0 7 .0 
2 0 . 0 12 .0 8.0 
I 
0) 
r-i 
£i 
CO 
EH 
U 
'O 
O 
Q) (0 
O 
(3 
0) 
o 
4J 
c 
0) 
CO 
0) 
M 
-a 
•H 
u 
(0 
I 
o 
c 
1 -H (U 1 
1 IJI C 1 
1 >-l 
1 < 
1 1 
1 TH 
1 -U 
1 Vi 
1 -H 
H 1 
C 1 
<U 1-
C 1 
H 1 
1 B 'O j 
1 (U 
1 C 
1 -H 
1 Vi 
1 >1 
1 vA 
1 1 
1 O 
1 a> 
1 M 
1 Xi 
1 EH 
1 1 
1 O 
1 - H 
1 Xi 
1 4J 
1 01 
1 s 
1 1 
1 O 
1 4J 
O t 
C 1 
•H 1 
C 1 
O 1 
C 1 
•H 1 
C 1 
a; 1 
1 a c 1 
1 - H (0 1 
1 M ^ 1 
1 EH 
1 1 
1 r-i 
1 > t 
1 C 
1 <U 
P^ 1 
(U 1 
c : 1 
•rH 1 
C 1 
(0 1 
1 ^ ^ ^ 1 
1 PM 
1 1 
1 3 
1 (1> 
1 r-1 
1 O 
1 CO 
1 M 
1 1 
1 3 
1 (U 
1 h:i 
1 1 
1 i-H 
1 n) 
1 > 
1 CO 
1 tH 
1 nj 
1 0 
1 S 
1 \ 
1 CO 
1 0) 
1 ^ 
1 (0 
1 U 
nj 1 
(U 1 
C 1 
•H 1 
O 1 
01 1 
C 1 
••H 1 
O 1 
0) 1 
C 1 
•H 1 
+ + + + 
+ + + + + + 
+ + + + + + + 
+ + + + + + 
+ + + 
+ + + + 
I + + I 1 + + + + + 1 + 1 
+ + + I I I I + 1 + 1 1 
I I I I I I 1 I I I > I 
+ + + + + + + + + + + 
+ 
e 
o 
a 
> 
u 
Q) 
4-1 
a 
I ' , 
-*-J| 
CI 
G 
•Si 
(0 
(0) -H 
CT 
C 
•i-l 
U 
O 
s 
c 
• H 
.c 
a 
ro 
ttl 
1 "^  
•H 
E 
to 
CT 
C 
o OJ 
•H 
i 
3 
<-> 
03 
>l 
o 
0)1 
e 
o 
•rH 
O 
<4H 
Ml 
H o 
f g f O 
»o 
nJ 
o| 
4-l| 
•H 
- W 
<U| 
CO 
§1 
M l 
<X31 
3 , 
CO 
0 0 
(01 
CO 
o 
M| 
(01 
<T> 
I' 
> 
•Hi 
-Kl (0 
C0| 
SI I 
(0 
i H 
(0 
e M 
(0 
J3 
M 
(0 
s 3 
U 
4J 
CO 
(U| 
(0| 
(Ol 
-p, 
G 
O 
ei 
e 3 
• H 
x: 
-p 
G 
(0 
X 
CO 
1 0) 
1 -p 
• H 
M 
3 
OJ 
--H 
<l 
CN m 
References 
1. Osman, S.M. and F. Ahmad, 'New Sources of Fats and 
Oils', ed. E.H. Pryde, L.H. Princen and K.D. Mukherjie, 
J. Am. Oil Chemists' Soc, p.106 (1981). 
2. Lie Ken Jie, M.S.F., Natural Product Reports, p.231 
(1989). 
3. Spencer, G.F., R. Kleiman, R.W. Miller and F.R. Earle, 
Lipids, 6:712 (1971). 
4. Ahmad, F., I. Ahmad and S.M.Osman, J. Am. Oil Chemists' 
Soc. 57:224 (1980) . 
5. Ali, M.L., M.S. Ahmad, F. Ahmad and S.M. Osman, Chem. 
and ind., 6:237 (1980). 
6. Ahmad, M.S., Jr., A. Rauf, M. Hashmi and S.M. Osman, 
Ibid., 199 (1982). 
7. Spencer, G.F. and R. Kleiman, J. Am. Oil Chemists' Soc, 
55: 689 (1978). 
8. Plattner, R.D. and R. Kleiman, Phytochemistry, 16: 255 
(1977). 
9. Sinha, S., A.A. Ansari and S.M. Osman, Chem. and Ind,, 
21: 67 (1978). 
10. Nasirullah, F. Ahmad and S.M. Osman, Fette Seifen 
Anstrichm. (in press). 
11. Gowrikumar, c , V.V.S. Mani, T.C. Rao, T.N.B. Kaimal and 
G. Lakshminarayana, Lipids, 16: 558 (1981). 
12. Pearl, M.B.; R. Klein>an and F.R. Earle, Ibid., 8:627 
(1973). 
25 
13. Smith, Jr., C.R., Ibid., 9:640 (1974). 
14. Jevans, A.W. and C.Y. Hopkins, Tetrahedron Lett., 2167 
(1968). 
15. Morris, L.J. and S.W. Hall, Chem. and Ind., 15:32 
(1967). 
16. Lie Ken Jie, M.S.F. and M.F. Chan, J. Chem. Soc, Chem. 
Comm., 3:78 (1977). 
17. Ahmad, M.U., S.K. Hussain, M. Ahmad, S.M. Osman and R. 
Subbarao, J. Am. Oil Chemists' Soc, 53: 698 (1976). 
18. Ahmad, M.S., Jr., M.U. Ahmad, S.M. Osman and J.A. 
Ballentine, Chem. Phys. Lipids, 25: 29 (1979). 
19. Ahmad, M.U., S.K. Hussain, I. Ahmad and S.M. Osman, J. 
Sci. FoodAgric, 30: 424 (1979). 
20. Hussain, S., M. Babu, M.U. Ahmad, A.A. Ansari and S.M. 
Osman, Fette Selfen Anstrichm., 82: 29 (1980). 
21. Siddiqui, I.A., S.M. Osman, M.R. Subbaram and K.T. 
Achaya, Indian J. Chem., 9: 209 (1971). 
22. Qazi, G.A., S.M. Osman and M.R. Subbaram, J. Oil. Tech. 
Assn. (India), 6: 16 (1974). 
23. Babu, M., S. Hussain, M.U. Ahmad and S.M. Osman, Fette 
Selfen Anstrichm., 82: 63 (1980). 
24. Sinha, s. and S.M. Osman, j. sci. Food Agric, 33:1010 
(1902) . 
Hussain, S.R., M.S. Ahmad, Jr., F. Ahmad and S.M. Osman, 
Fette Seifen Anstrichm. (In press). 
25 
26 
26. Hashmi, M., M. Khan, M.S. Ahmad, Jr., S. Ahmad and S.M. 
Osman, J. Oil Tech. Assn. (India), 14:64 (1982). 
27. Kittur, M.H., C.S. Mahajanshetti, K.V.S.A. Rao and G. 
Lakshminarayana, J. Am. Oil Chemists' Soc, 59: 123 
(1982) . 
28. Ralaimanarivo, A., E.M. Gaydon and J.P. Bianchini, 
Lipids, 17:1 (1982). 
29. Siddiqui, I.A., S.M. Osman, M.R. Subbaram and K.T. 
Achaya Chem. and Ind., 29:988 (1969). 
30a. Garg, S.P., M.R.K. sherwani, A. Arora, R. Agarwal and M. 
Ahmad, J. 013. Tech. Assn. (India), 19:63 (1987). 
b. Sherwani, M.R.K., M. Mukarram, I. Ahmad and S-rMT' Osman, 
Ibid., 15:4 (1983). 
31. Gunstone, F.D., J. Chem. Soc, 1274 (1952). 
32. Ansari, F.H., G.A. Qazi, S.M. Osman and M.R. Subbaram, 
Indian J. Appl, Chem., 34: 157 (1971). 
33. Siddiqui, S.F., F. Ahmad, M.S. Siddiqui and S.M. Osman 
Chem. and Ind., 3:115 (1980). 
34. Ahmad, I., F. Ahmad and S.M. Osman, Phytochemistry, 16: 
1761 (1977). 
35. Hussain, S., M.U. Ahmad and S.M. Osman, Ibid., 19;75 
(1980). 
36. Ansari, M.H., s. Afaque and M. Ahmad, J. Am. Oil 
Chemists' Soc, 62: 1514 (1985). 
27 
37. Ahmad, M.S., Jr., M.U. Ahmad and S.M. Osman, 
Phytochemistry, 19: 2137 (1980). 
38. Gunstone, F.D. and R, Subbarao, Chem. Phys. Lipids, 
1:349 (1967). 
39. Phillips, B.E., C.R. Smith, Jr., and L.W. Tjarks, 
Biochem. Biophys. Acta, 210:353 (1970). 
40. Jamal, S., I.Ahmad, R. Agarwal, M. Ahmad and s.M. Osman, 
Phytochemistry, 26: 3067 (1987). 
41. Lie ken Jie, M.S.F. and S. Sinha, Phytochemistry, 
20:1863 (1981) . 
42. Morris, L.J., M.O. Marshall and W. Kelly, Tetrahedron 
Lett., 4249 (1966). 
43. Ahmad, M.U., S.K. Husain and S.M. Osman, J. Sci. Food 
Agric, 29: 372 (1978) . 
44. Kulkarni, S.B., and V.V.S. Mani, J.Oil Tech. Assn. 
(India), 11:67 (1979) . 
45. Yazicioglu, T., A. Karaali and J. Gokcen, j. Am. Oil 
Chemists' Soc, 55:412 (1978). 
46. Husain, S.K., M.U. Ahmad, M. Ahmad and s.M. Osman, 
International Congress on Oilseed and Oils, New Delhi, 
Paper no.203, Feb.9-13, (1979). 
47. Hasan, S.Q., M.R.K. Sherwani, I. Ahmad, F. Ahmad and 
S.M. Osman, J. ind. Chem. Soc. 57: 920 (1980). 
48. Siddiqi, S.F., F. Ahmad, M.S. Siddiqi, s.M. Osman and 
G.R. Fenwick, J. Axn. oil Chemists' Soc, 61:798 (1984). 
28 
49. Khan, G.R. and F. Scheinamann, Prog. Chem. Fats Lipids, 
15: 343 (1978). 
50. de Varies, B,, Chem. and Ind., 1043 (1962). 
51. Haward, G.A. and A.J.P. Martin, Biochem. J., 46J432 
(1962). 
52. Morris, L.J., Chem. and Ind., 1238 (1962). 
53. Barett, G.B., M.S.J. Dallas and F.D. Padley, J. Am. Oil 
Chemists' Soc, 40: 586 (1963). 
54. Synder, L.R., 'Principle of Adsorption Chromatography, 
ed. M. Dekker, Inc., New York, (1968). 
55. Kirkland, J.J., 'Modern Practice of Liquid 
Chromatography', Willey Interscience, New York (1971). 
56. Perry, S.G., R. Amos and P.I. Brewer, 'Practical Liquid 
Chromatography', Plenum. New York (1972). 
57. Scholfield, C.R., J. Am. Oil Chemists' Soc, 56:510 
(1979) . 
58. Borch, R.F., Anal. Chem. 47: 2437 (1975). 
59. Engelhardt., H. and H. Elgass, J. Chromatogr., 158:249 
(1978) . 
60. Cooper, M.J., and M.W. Anders, Anal. Chem., 46:1849 
(1974) . 
61. Batchelor, J.G., R.j. Cushley and J.H. Prestegard, J. 
Org. Chem. 39:1698 (1974). 
62. Privett, O.s,, and W.L. Erdahl, Chem. Phys. Lipids, 
21:361 (1978). 
29 
63. Rouser, G., J. Chromatogr. Sci., 11: 60 (1973), C.A. 
79:88958h (1973). 
64. Leopold, E.J., J. Org. Chem., 47:4592 (1982). 
65. Scholfield, C.R, and T.L. Mounts, J. Am. Oil Chemists' 
Soc.r 54:319 (1977). 
66. Emken, E.A., J.C. Hartman and C.R. Turner, J. Am. Oil 
Chemists' Soc, 55:561 (1978). 
67. Ando, S., N.N. Chang and R.K. Yu, Anal. Biochem., 89: 
437 (1978). 
68. Lowry, R.R. and I.J. Tinsley, J. Am. Oil Chemists' Soc, 
60:792 (1983). 
69. Ilinov, P.P., Lipids, 14:598 (1979). 
70. Tiwari, P.N., Proc. Symp. Basic Sciences and 
Agricultural Indian National Science Academy, New Delhi, 
p.205 (1977). 
71. Hashemy-Tonkabony, S.E., J. Am. Oil Chemists' Soc, 
54:233 (1977). 
72. Francis, G.W., Chem. Phys. Lipids, 21:361 (1978). 
73. Coleman, E.G. and D. Firestone, J. Assn. Off. Agric 
Chem., 55:1288 (1972). 
74. Hensarling, T.p. and T.J. Jacks, J. Am. Oil Chemists' 
Soc., 60:1796 (1983) . 
75. Proceedings of Regional Workshops, Alcohol and Vegetabl 
Oil as Alternative Fuel,U.S. Department of Agriculture, 
Extention Service, Washington, D.C., 20250, April 1980. 
e 
30 
76a. Qazi, G.A., S.M. Osman and M.R. Subbaram, J. Oil Tech. 
Assn. (India) 5:14 (1973). 
b. Ansari, A.A., S.M. Osman and M.R. Subbaram, Ibid., 7:26 
(1975). 
77. Osman, S.M., F.Ahmad and I. Ahmad, "Minor seed oils: new 
sources of vegetable oils" in oil seed and their 
utilization, ed. R.K. Suri and K.C. Mathur, Rohini 
Publishing House, Dehra Dun, p.113 (1984) . 
78. Gupta, R., A. Rauf, M.S. Ahmad, Jr., F. Ahmad and S.M. 
Osman, J. Oil. Tech. Assn. (India), 15:6 (1983). 
79. The Wealth of India, Vol.1, Chief ed. B.L. Manjunath, 
Published by CSIR, New Delhi), (1948). 
80. The Useful Plants of India, Publication and Information 
Directorate, CSIR, Hillside Road, New Delhi (1986). 
81. Hilditch, T.P. and N.P. Williams, 'The Chemical 
Constitution of Natural Fats', 4th Edition, Chapman and 
Hall, London (1964). 
82. Agarwal, R.R., and S. Dutt, Proc. Nat. Acad. Sci., 50 
(1935). 
83. Nadkarni, K.M., Indian Materia Medica, Popular Book 
Depot, Bombay, Vol.1 (1954). 
84. wealth of India, Raw Materials, Vol. II ' C , CSIR, New 
Delhi (1950). 
85. Jain, S.K., Medicinal Plants, The National Book Trust, 
New Delhi (1968). 
31 
86. Agarwal, R., M.M. Siddiqui, M. Ahmad and S.M. Osman, 
J.Oil Tech. Assn. (India), 18:83 (1986). 
87. Official and Tentative Methods of the American. Oil 
Chemists' Society', AOCS, Champain, Illinois, 3rd 
Edition, (1973). 
88. Chemistry and Biochemistry of Legume, ed. S.K. Arora, 
Oxford IBH Publishing Company, New Delhi (1982). 
89. Conkerton, E.J., L.O. Robert J. Am. Oil Chemists' Soc, 
53: 754 (1976). 
90. Adams, R., J. Chromatography, 95: 189 (1974). 
91. Holla, K.S., J. Oil. Tech. Assn. (India), 8:39 
(1976) . 
92. Cater, CM., K.C. Rhee, R.D. Hagenmaier and K.F. Mattil, 
J. Am. Oil Chemists' Soc, 51:137 (1974). 
93. Hanafy, M.M., Y. Saddik and M.K. Aref, J. Sci. Food 
Agric, 21:9, 16 (1970) . 
94. Jones, D.B. and C.E.F. Gerdorf, J. Biol. Chem., 75:213 
(1927). 
95. Khattab, A.H. and M.O. Khidir. J. Food Sci. Technol., 
2:8 (1970). 
96. Osman, H.G. and M.O. Khidir, Exp. Agric, 10:105 (1974). 
97. Johnson, R.H. and w.D. Raymond, Trop. Sci., 6:173 
(1964). 
98. Guerra, M.J. and Y.K. Park, J. Am. Oil Chemists' Soc., 
52:73 (1975). 
32 
99. Laskar, S., S.G. Majumdar and B. Basak, Ibid., 62:1266 
(1985). 
100. Holt, N.W. and F.W. Sosulski, A.C.C. Conference Montreal 
abstract 169, Cereal Sci. Today, 19:409 (1974). 
101. Matsubara, K.H. and R.M. Sasaki, Biochem. Biophys. Res. 
Coinmun., 35:175 (1969). 
102. Shankara Narayana, K.H., and K. Parthasarathi, J. Am. 
Oil Chemists' Soc., 62:1386 (1985). 
103. Cater, CM., K.F. Mattil, W.W. Meinke, M.V. Taranto and 
J.T. Lawhom, Ibid., 54:90A, (1977) 
104. Grahm, G.G., E. Morales, G.A. Cevedo, J.M. Baertl and A. 
Cordano, Am. J. Clin. Nutr., 23:165 (1970). 
105. Idem, Ibid., 22:577 (1969). 
106. Joshi, J.S., J.Oil. Tech. Assn. (India) 4:156 (1977). 
107. Jain, N.C. and N.D. Shilarkar, Ibid., 6:60 (1974). 
108. Laskar, S., S. Thakur and B. Basak, J. Am. Oil Chem-
ists' Soc. 65:7 (1988). 
109. Dewreede, I. and H. Stegemann, Fresenivs., J. Anal. 
Chem., 308:431 (1981). 
110. Gornall, A.G., D.J. Bardowill and M.W. David., J. Biol. 
Chem., 177:751 (1949). 
111. Itzhaki, R.F. and D.M. Gill, Anal. Biochem., 9:401 
(1964). 
112. Chowdhury, A.R., R. Banarji, G. Mosna and s.K. Nigam, 
Fette Seifen Austrichim., 86:237 (1984). 
33 
113. Farle, I.R., C.A. Glass, G.C. Geisinger and I.A. Wolff., 
J. Am. Oil Chemists' Soc, 37:440 (1960). 
114. Alford, B.B., S. Kim and K. Onley., Ibid., 54:71 (1977). 
115. Henes, C , C.K. Harris and M.A. Moscarella, Can.J. 
Biochem. Physiol., 39:163, 639 (1961). 
116. Mangold, H.K., J. Am. Oil Chemists' Soc, 38:708 (1961). 
PART TWO 
Synthesis of Fatty 
Acid Derivatives 
CHAPTER 2 
CHAPTER 3 
CHAPTER 4 
CHAPTER S 
Pyrrole 
Thiazolotetrazine 
and its Analogues 
Oxathiolane 
Cyclic Phosphate 
Derivatives 
INTRODOCTION 
The abundant fatty acids from natural sources, are 
recognized as a versatile group of chemicals in oleochemical 
industry. Since the past decades the utilization of fatty 
acids as agrichemicals find their way into industries not 
only in a simple acid or ester form but also through 
derivatization. The reactions of fatty acids are readily 
accepted to lead towards general perfection of the 
development and progress of organic chemistry. 
The recent trend in technology of fats and fatty acids 
have given importance . to such industrial processes as 
polymerization, oxidation and metathesis. Consequently fatty 
acids have increasingly been found usable as specific and 
characteristic base materials for the emerging organic 
chemical industry. 
In recent years the attention of chemists has been 
diverted to synthesize oleochemicals from natural fats and 
oils due to ever-increasing cost of petrochemicals. These 
fat-derived chemicals are essential to a variety of 
industries such as coating, surfactants, plasticizers, 
lubricant additives, cosmetics, pharmaceuticals and organic 
pesticides. 
The widespread occurrence of heterocyclic compounds in 
nature such as alkaloid, vitamin and variety of plant and 
35 
animal cell constituents is widely known. The current re-
search in organic chemistry development and closely allied 
branches of biology is characterized by extensive investiga-
tion of phsyiologjcally active compounds encountered in the 
plant and animal world. The search for these active constitu-
ents which control the biological process of various systems 
has acted as powerful stimulus to the further development of 
chemistry of the heterocyclic compounds. A survey of litera-
ture reveals that long-chain fatty acids possessing a hetero-
cyclic ring in the chain are a rarity in nature. Some long 
chain substituted furanoid esters, however, have been 
reported to occur naturally. 
Keeping in view the aforementioned importance of 
heterocyclic compounds, the pyrrole, thiazolotetrazine, 
oxathiolan'o-dihydrotetrazole and phosphorus-containing fatty 
acids have been synthesized from dioxo, oxo, epoxy and 
hydroxy fatty acids. 
CHAPTER-2 
PYRROLE 
THEORETICAL 
The skeleton of pyrrole consists of five-membered doubly 
unsaturated heterocycle ring with one nitrogen and four 
carbon atoms. The pyrrole skeleton is widely distributed in 
natural products^ and was first surmised by Runge^. Pyrrole-
containing compounds were synthesized by many workers using 
different substrates. 
An important pyrrole synthesis was given by Knorr^ 
which involves the condensation of oC - aminoketone and 
|b -dicarbonyl compound. 
oC-Aminoketone is usually prepared In situ, frequently by 
the reduction of an ©c -oximinoketone^ in presence of Zn/AcOH 
R - C=0 R-C=0 
Zn 
CH2COOC2H5 
R - C=N-OH > R-CH-NH2+0=C-CH3 > 
AcOH 
R 
•N-
I 
H 
COOC2H5 
CH3 
Knorr and LangS prepared pyrrole by the reaction of 
acetone and isonitroso acetophenone (or amidoacetophenone) in 
the presence of H2SO4. Piioty6 synthesized pyrrole by using 
the same substrates in presence of base instead of acid. 
37 
CH3-C=0 CH2COOC2H5 Base 
I > 
H3C-CH-NH2 /C-COOC2H5 
'/ 
H3C. 
H3C •N-
I 
H 
.COOC2H5 
•COOH 
Syntheses oE N-substituted pyrroles^-S were reported 
from conjugated acetylene and amines in the presence of 
cuprous chloride at 150°C. 
H ^  ^H 
HsCg-CHC-CsC-CgHs CUCI2 
+ > 
H2NH2C-C5H5 (catalyst) 
HsCe' 
CH2C6H5 
Poehlmami and Severin^O have carried out the 
preparation of 2,3-disubstituted pyrrole from ketone and 
hydrazine 
H R' 
CH3 Na2S204 
R'-CH2-C0-R" + OCH-CH=N-N< > 
CH3 
H' 
I 
H 
R" 
An important synthetic and biosynthetic route to 
pyrrole, is the reaction of 1,4-dicarbonyl compound with 
ammonia or amines was given by Paal-knorrli. Chong and 
R R> 
\s / 
+ NH3 > 
R-CH-CH-R' 
H5C6-CO CO-CH3 
H5C6' 
/ 
H 
CH-
38 
Clezyl2 have used /2> -ketoester and glycine ester in the 
presence of a strong base to obtain substituted pyrrole. 
R OR' 
R-CO-CH2-COOR' 
+ 
H2N-CH2-COOC2H5 
H 
I 
H 
COOC2H5 
Knorr^^ and Blaise^^ have also reported the preparation of 
pyrrole. Lie Ken Jie et al.^^ have synthesized substituted 
pyrrole by reaction of 1,4-dicarbonyl fatty acid with 
ammonium carbonate in the presence of TiCl3 as acid catalyst. 
H. H 
(NH4)2C03 
R-CO-(CH2)2-CO-R' > 
TiCl3 
CH3 
NH3 
R-C0-(CH2)-CH-C0-R' > 
TiCl3 
R 
H 
\ 
I 
H 
R' 
CH3 
R 
1 
R' 
H 
com] sound N - p h e n y l - 5 A biologically active 
oxysubstituted pyrrolel6, „as prepared by condensing 1,4-
diketone with substituted amine. 
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H 
H5C20-CO-CH2-CtI-CO-CH3 
,COOC2H5 
RC6H4NH2 
COOC2H5 
HO H-^ CH3 
C6H4R 
The following route was followed by Bao and Zhenli^^ to 
achieve a biologically active product. 
H BZ 
BZ 
I 
H5C6-CH2-CH2-CH-CH2-C6H5 
+ 
RC6H4NH2 
•» 
H5C6 
Suzuki .et ai.-'-^  have developed an unique method for 
the synthesis of pyrrole by condensing alkyl isocyanoacetate 
with aldehyde in 2:1 ratio 
R'OOC . R 
RCHO 
+ 
NC-CH2COOR' -> 
COOR' 
SammeslS has described the preparation of i-acyl-lH-
pyrrole from cyclic 2-(acylmethyl) 1,4-diketone and ammonium 
acetate in acetic acid. 
40 
NH4OAC 
CH3COOH 
Gaon and co-workers^O have reported the structure and 
biological activity of l-aryl-2,5-diinethyl-3,4-diacetyle 
pyrrole. 
CH3-CO-CH-CO-CH3 
CH3-CO-CH-CO-CH3 
R' + 
CH3OC COCH-
3H-pyrrole21 and lH-pyrrole22 have been synthesized 
from 1,4-diketone and liquid ammonia. 
DISCUSSION 
Nitrogen-containing heterocyclic compounds are 
essential to life. They play vital role in the metabolism of 
all living cells and find place in industry as solvents, dyes 
and pharmaceuticals. The pyrrolic—containing heterocyclic 
compounds show spasmolytic^^ and analgesic^^ activities. Many 
substituted pyrrolic compounds are intermediates of 
considerable importance for the synthesis of various natural 
products23-25 3^,3 related compounds. They are becoming 
essential to a variety of industries related to alkaloids 
(morphine, quinine and funebrin^^), hormones (heteroauxine, 
serotonine and histamine) and antibiotics (penicillin & 
cephalosprin) which control biochemical processes of various 
systems. The pyrrole ring as a latent pyrrolidine has been 
used to advantage in synthesis of 2-azabicyclo (3,3,0) 
octane-3-carboxylic acid which is a key precursor of 
angiotensin converting enzyme inhibitors.27 
The aforementioned importance of pyrrole moiety, has 
stimulated us to prepare fatty pyrroles from a 1,4-dioxo 
fatty acid, i.e. 9,12-dioxooctadecanoic acid (II). A set of 
amides/amines, namely acetamide, benzamide, urethane, 
benzylamine and p-toluidine was selected for this study. 
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Reaction of 9,12-dioxooctadecanoic acid {II) with acetamide 
Equimolar amounts of 9,12-dioxooctadecanoic acid (II) 
and acetamide in benzene were refluxed in the presence of 
catalytic amounts of toluene para sulphonic acid (p-TSA). 
After 6 hrs the reaction mixture was worked-up and 
purification on silica gel column chromatography afforded 
single product (HI) as an oil in good yield. 
CH3CONH2 
R-CO-(CH2)2-CO--R' > 
Benzene/p-TSA 
H. H 
R'^  ^-N-^ R' 
I 
COCH3 
(HI) (II) 
R = (CH2)5CH3 
R' = (CH2)7COOH 
The compound (HI) was analyzed for C20H33O3N. IR 
spectrum of the compound showed a band at 3200 for acid 
hydroxy group (COOH). The condensation of acetamide with 
dioxo function was evidenced by the presence of a band at 
1535 (C-H, stretching pyrrole ring). other significant 
bands were at 1720 (COOH) and 1680 cm"! (NCO-CH3). The UV 
showed absorption band at 206 nm for substituted pyrrole 
ring. The NMR spectrum showed two diagnostic sharp singlets, 
one at 6 5.84 for two equivalent ethylenic protons of the 
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pyrrole ring and other at 2.55 for three protons of 
acetyl group. Four protons oc-to the pyrrole ring were 
present as a multiplet at 2.7. On the basis of elemental and 
spectral evidences? as described above, the compound (III) was 
characterized as 8-(N-acetyl-5-hexylpyrrol-2-yl)octanoic 
acid. 
The mass spectrum of the compound gave conclusive 
information regarding the structure of pyrrole (III). Its 
mass spectrum showed molecular ion peak present at m/z 335 
[M, Fig.l]. The fb -cleavage fragments to the ring were 
observed at 264 and 206 along with a peak at m/z 222, which 
confirm the position of the ring (scheme 1). Other prominent 
mass fragments were observed at m/z 320, 317 [M-H2O], 293, 
292 (293-H), 291, 290, 276, 263 (264-H), 262, 249, 221 (222-
H), 191, 178 (M-C9H17O2), 177 (178-H), 164, 163 (164-H), 143, 
142 (143-H), 135, 129, 85 and 71. 
Reaction of 9,12-dioxooctadecanoic acid (II) with benzamide 
Cyclization of 9,12-dioxooctadecanoic acid (II) with 
equimolar amounts of benzamide in boiling benzene and p-TSA 
under similar reaction conditions as described to that of 
III in preceeding reaction afforded a brown oily product 
(IV) in high yield. 
44 
C6H5CONH2 
R-CO-(CH2)2-CO-R' > 
Benzene/p-TSA 
(II) 
R = (CH2)5CH3 
R' = (CH2)7COOH 
H H 
R 
I 
0=C-C6H5 
(IV) 
• R ' 
The microanalysis of the compound (IV) corresponded to 
the molecular formula C25H35O3N. The IR spectrum displayed 
characteristic bands at 1535 (C-H stretching, pyrrole ring) 
and 1675 (NCO - CgHs). Other bands present were at 1720 
(-COOH), 1607 (C=C), 765 (monosubstituted benzene) and 3200 
cm~I (COOH). The UV spectrum of the compound (IV) showed a 
characteristic absorption band at 235 nm due to the presence 
of pyrrole ring in fatty acid chain. NMR spectrum exhibited a 
couple of diagnostic peaks, one at 6 5.78 s (2H, ring 
ethylenic protons) and other at 7.54 m (5H, CgHs). On the 
basis of these data the compound (IV) was formulated as 
8-(N-benzoyl-5-hexyIpyrrol-2-yl)octanoic acid. 
MS was further useful in corroborating the assigned 
structure. it has molecular ion peak present at m/z 397 [M. 
Fig.2]. Mass ions at 326, 268 (|b-cleavage) and 293 
established the position of the ring in fatty acid chain 
(Scheme 2). other fragments present were at m/z 396 (M~l), 
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379 (M-H20), 353, 352, 340, 338, 325 (326-H), 324, 310, 307 
(325-H20), 292 (293-H), 291 {396-COCQU^), 267 (268-H), 249, 
222, 221 (222-H), 204 (222-H20), 203 (204-H), 197, 191, 176 
{221-COOH), 165, 164, 163 (164-H), 129, 120 (163-{CH2)2 CH3) 
106 (I2O-CH2) and 105 (base peak). 
Reaction of 9,12-dioxooctadecanoic acid (II) with urethane: 
9,12-Dioxooctadecanoic acid (II), when refluxed with 
equimolar quantity of urethane in benzene in the presence of 
p-TSA afforded an oily compound (V) on column chromatographic 
purification in good yield. 
NH2COCH2CH3 
R-CO-(CH2)2-CO-R' > 
Benzene/p-TSA 
R 
R' 
(II) 
(CH2)5CH3 
(CH2)7COOH 
H H 
R \N-^ R' 
I 
0=C-OCH2CH3 
(V) 
The product (V) was analyzed for C21H35O4N. Its IR 
spectrum exhibited diagnostic band at 1535 (C-H, stretching 
pyrrole ring) and 1740 (COOC2H5). Other bands present were at 
1715 (COOH) and 3200 cm"! (COOH). Presence of pyrrole ring 
was further Illustrated by UV studies which has a maxima at 
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222 nm.• The conclusive support in favour of the product (V) 
was obtained from a study of NMR spectrum. Its NMR spectrum 
exhibited a characteristic sharp singlet at 6 5.78 
integrating for two equivalent protons of pyrrole ring. 
Ethoxy group has shown a quartet at 4.3 for two methylene 
protons and a triplet at 1.18 for methyl protons.From the 
above discussed spectral data, the product (V) was charac-
terized as 8-{N-carboethoxyl-5-hexylpyrrol-2-yl) octanoic 
acid. 
The mass spectrum gave molecular ion at m/z 365 [M, 
Fig.3]. structure-revealing fragments observed were at m/z 
294, 236 (p)-cleavage) and 165 confirmed the location of the 
ring (Scheme 3). Few other mass peaks present were at 350,347 
(M-H2O), 336, 328, 321, 306, 293, 292 (293-H), 278, 249, 250, 
237 (236+H), 222 (236-CH2), 221, 179, 178, 177 {178-H), 164 
(165-H), 163, 150, 136 (I65-CH2CH3) and 129. 
Reaction of 9,12-dioxooctadecanoic acid (li) with 
benzylamine. 
The dioxo acid (II) was allowed to react with 
benzylamine in benzene. The crude product was chromatographed 
over a column of silica gel which gave an oily product (VI) 
in moderate yield. 
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H. 
R-CO-{CH2)2-CO-R' ~ 
C6H5-CH2NH2 
Benzene 
/ 
H 
R 
I 
H2C-C6H5 
(VI) 
R' 
(II) 
R = (CH2)5CH3 
R' = (CH2)7COOH 
The product was analyzed for C25H37O2N and its IR 
spectrum exhibited significant band at 1510 (C-H, stretching 
pyrrole ring) , 1600 (C=C) and 770 cm-1 (monosubstituted 
benzene). Other bands present were at 3200 (COOH) and 1710 
cin~l (COOH) . UV showed absorption maxima at 200 nm. The NMR 
spectrum gave conclusive support in favour of the product 
(VI). It exhibited characteristic signals at 5.82 s (2H, 
ethylenic ring protons), 4.95 s {2H, CH2C6H5), 7.28 m (3H, 
aromatic protons), 6.84 m (2H, aromatic protons). On the 
basis of above discussed data, the product (VI) was 
formulated as 8-(N-benzyl-5-hexylpyrrol-2-yl)octanoic acid. 
Mass spectrum substantiated the structure (VI) by 
showing molecular ion peak at m/z 383 [M, Fig. 4J. The peaks 
at m/z 312, 292, 254 and 183 (Scheme 4) reveal the structure 
of VI. The other peaks observed were at m/z 365 (M-H2O), 339, 
338, 324, 313 (312+H), 311 {312-H), 310, 306, 255 (254+H), 
253, 252 (253-H), 221, 198 (254-(CH2)4), 197, 163 and 129. 
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Reaction of 9, 12-dioxooctadecanoic acid (II) with p-tolui-
dine 
A similar reaction of dioxo acid (II) with p-toluidine 
in benzene was carried out. On final work up, it gave brown 
liquid which on coluinn chromatographic purification over 
silica gel afforded the product (VII) as an oil in high 
yield. 
CH3^C ^NH2 
R-CO-(CH2)2-CO-R' -> 
Benzene 
H. H 
(II) 
R = (CH2)5CH3 
R' = (CH2)7COOH 
Elemental analysis of the product (VII) corresponded to 
the molecular composition C25H37O2N. IR spectrum of VII 
showed characteristic bands at 1520 (C-H-stretching pyrrole 
ring) , 1605 (C=C) and 760 cm"-^  (monosubstituted benzene) . UV 
spectrum showed absorption band at 201 nm. Its NMR spectrum 
showed characteristic signals at 6 7.20-6.85 m (4H, aromatic 
protons), 5.83 s (2H, ethylenic protons), 2.4 m (4H, CH2 oc to 
ring) and 2.32 s (3H, C6H4-CH3 inpart merged with the signal 
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at 2.4. On the basis of the above informations, the product 
(VII) was characterized as 8-(N-p-tolyl-5-hexylpyrrol-2-yl) 
octanoic acid. 
Mass spectrum of VII gave molecular ion peak at m/z 383 
[M, Fig.5]. The peaks at m/z 312 and 254 arising due to 
cleavage P, -to ring, and the peaks at m/z 292 and 183 which 
confirmed the presence of pyrrole ring (Scheme 5). Other 
significant peaks were observed at m/z 365 (M-H2O), 338, 
324, 313 (312+H), 310, 307 (M-C6H4), 253, 221, 197, 163 and 
129. 
CHAPTER-3 
THIAZOLOTETRAZINE AND ITS ANALOGUES 
THEORETICAL 
Thiazolotetrazine is a six-luembered heterocyclic 
structure having four nitrogen and two carbon atoms in the 
ring. There are a number of methods by which 
thiazolotetrazine and its derivatives may be formed. It was 
reported that carbohydrazlde^^ reacts with orthoformate to 
give l,4-dihydro-l,2,4,5-tetrazin-6(5H)-one. Guha and Hye^S 
prepared 1-phenyl dihydro-6-thiono-l,2,4-5-tetrazine-3-one by 
the reaction of carbon disulphide with phenylcarbohydrazide. 
0 
0 
II C2H5OH 
NH2NH-C-NHNHC6H5 > 
+ 
CS2 
HN 
HN 
NH 
N-CgHs 
Konig et ^ .39,40 ^3^^ synthesized 3-(4-pyridyl)-l,2-
dihydro-l,2, 4,5-tetrazine-6-thione by the reaction of thio-
carbohydrazlde and potassium-dithiosonicotinate. 
H2NNH-C-NHNH2 + Ks-C 
• o 
51 
Grashey and co-workers^l have prepared dihydro 1,2,4,5-
tetrazine-6-thione by the reaction of hydrazines with phosgene 
and carbon disulphide. 
R 
R2-NH-N=C-N-NH2 + COCI2 + CS2 
I I 
R R' 
• > R'N 
Lamon42 has reported the synthesis of 1,4,5,6-
tetrahydro-3(2H)-s-tetrazine-thlone by the reaction of 
aldehyde or ketone with thiocarbohydrazide. 
B 
R-CO-R'+NH2HN-C-NHNH2 
R 
HN 
HN 
R' 
NH 
NH 
Thiazolotetrazine and their derivatives have been 
prepared by the reaction of different cyclic ketones with 
thiocarbohydrazides.43-46 
52 
(CH2)n 
+ 
s 
II H2NHN-C-NHNH2 
HN 
•> I 
HN 
CICH2COOH 
(CH2)n '^''CHaCOONa 
NH 
I 
^H 
\ 
\ 
• BrCH2CH2Br 
KOH/C2H5OH 
(CH2)n 
Thiazolototrazine and their derivatives (thiazolidinone, 
oxathiolanotetrazine and thiazino-tetrazine), belonging to an 
important group of heterocyclic compounds. They have diverse 
biological activities such as bactericidal47^ pesticidal^Q, 
fungicidal^S, insecticidal^^, anticonvulsent^^, tuberculo-
8tatic52, antiinflammatory^^^ antithyroidal54, radio 
protectant's and antineoplastics^. 
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DISCUSSION 
A survey o£ literature revealed that the synthesis of 
thiazolotetrazine and their derivatives have not been report-
ed in the field of fatty acids. With the realization of the 
above mentioned applications of these heterocycles, efforts 
were directed towards their synthesis. 
Reaction of methyl 12-oxooctadecanoate (VIII) with thiocar-
bohydrazide 
Methyl 12-oxooctadecanoate (VIII) was dissolved in 
ethanol and to the stirred solution, thiocarbohydrazide in 
acetic acid was added. After complete addition the reaction 
mixture was further stirred. Work-up of the reaction mixture 
gave an oily product which on cyrstallization from methanol 
furnished a compound (IX) in excellent yield. 
S 
R R' 
fl2NHN-C-NHNH2 HN NH 
R~CO-R' > I I 
CH3COOH/C2H5OH HN NH 
( V I I I ) 
S 
( I X ) 
R = (CH2)5CH3 
R* = ( C H 2 ) i o C00Cn3 
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The microanaLysis of the compound (IX) corresponded to 
molecular formuJa C20H40O2N4S. IR spectrum displayed 
characteristic bands at 3190 (Nil), 1740 (ester carbonyl) , and 
HN 
1565, 1230, 1170 cm~l (CS-NH, >•= S) . NMR spectrum exhibited 
HN 
diagnostic peak at b ^.1 integrating for four -NH protons 
which has been exchanged slowly with D2O. A broad multiplet 
at 2.3 (6H) was assigned to the protons to ring and ester 
carbonyl. These data have formulated the compound (IX) as 
methyl 12-[tetrazine-3'-thione]octadecanoate. 
MS was further useful in supporting the assigned 
structure. Molecular ion peak was present at m/z 400 [M, 
Fig.6]. Mass ions at 315 and 201 fragmenting from cleavage 
^- to the ring entablished the position of the ring at Ci2' 
Diagnostic mass ions observed were at 326, 311, 226 and 112 
(scheme 6). Other mass fragment ions observed were at 369 
{M-OCH3), 367, 355, 343, 342, 341, 336 (369-SH), 329, 325 
(326-H), 310 (311-H), 281 (369-N3H2CS), 271, 256, 242 (315-
CH2COOCH3), 241, 215, 210 (24I-OCH3), 199/ 185, 157, 128 
(I57-N2H), 127 and 116. 
Reaction of methyl 9-oxooctadecanoate (X) with thlocarbohy-
drazide 
Treatment of methyl 9-oxooctadecanoate (x) with 
thiccarbohydrazide in the similar manner as described 
previously, afforded (XI) in good yield. 
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R R' 
R--CO-R' 
S 
II 
H2NHN-C-NHNH2 
CH3COOH/C2H5OH 
HN NH 
> I I 
HN NH 
(X) 
R = (CH2)8CH3 
R' = (CH2)7COOCH3 
S 
(XI) 
a The product (XI), was indicated to be 
tetranitrogenouB by its elemental analysis (C20H40O2N4S). Its 
IR spectrum exhibited bands in favour of the structure (XI) 
at 3190 (NH), 1740 (ester carbonyl), and 1560, 1230, 1170 
HN 
cm"l (CS-NH, ."^ S) . NMR spectrum, gave a broad singlet at 
HN^ 
3 4.65 (4H, slow D2O exchangeable), and a broad multiplet at 
2.3 (6H, CH2 oc-to ring and CH2oc-to ester carbonyl). These 
observations have revealed the structure of XI as methyl 9-
[tetrazine-3•-thione]octadecanoate. 
Molecular ion peak at m/z 400 [M, Fig.7] was consistent 
with the assigned molecular structure. The cleavage oC - to 
tetrathiazlne ring has provided mass ions at m/z 273 and 243 
(scheme 7). The other significant peaks present were at 326, 
311, 199, 184 and 169 which have established the position of 
tetrathiazino ring at Cg. Other fragments present were at 369 
(M-OCH3), 368 IM-CH3OH), 367, 343, 341, 327, 315, 301, 287, 
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257, 256 (33 5--COOCH3) , 243, 242 (243-11), 241 (242-H) , 227 
(242-NH), 212 (214-2H), 183 (184-H), 157, 154, 143 and 106 
(base peak). 
Reaction of methyl 10-oxoundecanoate (XII) with tbiocarbohy-
drazide 
To a stirred solution of methyl 10-oxoundecanoate (XII) 
in ethanoJ, equimolar quantity of thiocarbohydrazide in 
acetic acid was added and precipitated portion was filtered 
and taken up in ether for usual work-up. The semisolid resi-
due which on ciyctallization from methanol afforded a product 
(XIII) in almost quantitative yield. 
R^ R' 
fi X 
H2NHN-C-NHNH2 HN NH 
R-CO-R' > I I 
CH3COOH/C2H5OH HN NH 
S 
(XII) (XIII) 
R = CH3 
R' = (CH2)8COOCH3 
The product (XIII) gave microanalysis for C13H26O2N4S. 
The IR spectrum revealed Characteristic bands at 3100 (NH), 
1560 (C-N), 1220, 1170 cm~l (CS-NH- % ==s^ The. 
UM-^ '' These values 
have «"99es1ed the presence 01 tetraTjnethlonemolety. ^he 
»M« specto,. ,„„e conclusive evl.lence In favour of the above 
57 
observations. It gave diagnostic broad singlet at 5 5.15 for 
four protons of ring nitrogens (exchangeable with deuterium), 
and a singlet at 1.88 for terminal CH3. A broad multiplet at 
2.2 was assigned to the four protons oc - to ring and ester 
carbonyl. On the basis of above data, the compound 
(XIII) was characterized as methyl 10-[tetrazine-3'-thione] 
undecanoate. 
The itiflfjR spectrum of XIII confirmed the above structure 
by showing molecular ion peak at m/z 302 [M, Fig.8]. Two 
oc -cleavage ions at m/z 287 and 131 established the position 
of the tetrazine-3'-thione ring. Further mass ions at 228, 
213 and 145 have confirmed the nature of the ring in fatty 
acid chain (scheme 8). Other peaks observed were at m/z 271 
(M-OCH3), 270 (M-CH30H), 259, 258, 255 (287-CH3OH), 254, 243, 
238(271-SH), 229, 227 (271-CS), 212 (213-H), 199 (271-CSN2), 
182, 171, 130 (131-H), 116, and 57 (base peak). 
I I \ I L 
N 
en 
C4 
CO 
C>4 
« • 
?5 
I 
o 
o 
o 
(Nl 
X 
o 
OD 
O 
/ 
I X 
-z 
• o 
— o O^-E 
\ > = " 
OD" 
m 
X 
o 
i-? 
o 
— ir> 
o 
• o 
in 
. o 
— in 
^-
•^^ 
:: o 
ro-
o 
p-o 
I D . 
O 
.— O o 
— in 
m 
[o ^ ^ r 
o 
in m 
8 4 o 
o 
r i r 
o 
o 
A1ISN31N1 
o 
o 
AilSN3iNI 
c 
E 
o 
u 
1/1 
2 
00 
U3 r . 
, 
1 
^ l^ 
^ 
^ 
1 
r§^  
X 
F 
£ 
mi 
s S 
!8'' 
SB 
X V \.i 
o 
CO 
CO 
LLI 
X 
u 
58 
PKEPAIIATION OF THIAZOLOTETRAZINE ANALOGUES 
Reaction of methyl 10-[tetraz.ine-3'-thione]undecanoate (XIII) 
with chloroacetic acid and sodium acetate 
The component (XIII) was refluxed with chloroacetic 
acid in anhydrous ethanol and sodium acetate. The reaction 
mixture was worked-up, dried and crystallized from ethanol to 
provide white needles of XIV in excellent yield". 
CICH2COOH 
> 
CH3COONa/C2H50H 
(XIV) 
R = CH3 
R' = (CH2)8COOCII;:, 
The product (XIV) had the molecular composition 
CI5H2603N4S' It. showed characteristic IR absorption bands at 
3250 (NH), 1570 (C-N), 1635 (C-N), 1675 (NCO) 1735 (COOCH3) 
and 1440 cm-l (CH2-S). Its NMR spectrum exhibited two 
significant singlets, one at 6 3.75 (2H, S-CH2CO) and other 
at 3.69 (2H, NH, D2O exchangeable). These evidences have 
shown the product (XIV) as n,ethyl 6 • (7'H)-oxo(4-H)-
[211] thiazolo-[3,2--b]-tetrazine-3 MO-undecanoate. 
N 
s I 
CO 
to 
00' 
o 
o 
s-
r-
06 
to-
OD 
g ? -
to-
2 -
g' 
r~^-i—r T 
AiISN3iNI 
: o o 
ro 
o 
o 
F fN 
N 
•V . 
2 
O 
O 
O 
-in 
in 
o o 
in 
O 
-IT) 
X 
T3 
C 
O 
a 
e 
o 
u 
to 
LL 
o 
o 
J 
I ^ 1 — \ — i 
i. I KM-q I MI 
<^ <r> CT) <"-". i n <r CD cN 
/^  -^  1^ 
no 
X 
o 
I 
o u 
I 
u/l 
Q 
in i 
^r~' 
o 
o 
' v 
LO 
'> 
o 
u 
X 
o 
R 2 O 
''i ' ' ^ 
en K^ 
CD LO LP 0 0 
CD C7) oQ OD 
CM ( N r>i CN 
> 
X 
<j) 
2 
UJ 
X 
o 
59 
The mass spectrum of XIV showed molecular ion peak at 
m/z 342 [M, Fig.9]. Mass ions at 327 and 171 fragmenting from 
c?c-cleavage of the ring established the position of the ring 
(Scheme 9). The significant ions present were at 314, 300, 
228 and 214, which have established the presence of tetrazine 
thlazolidinone ring in fatty acid chain. The other fragments 
observed were at m/z 311 (M-OCH3), 299, 296, 295, 285, 283, 
282, 269, 260, 255, 241 (269~CO), 227 (255-CO), 213 (214-H), 
199, 186 (.10!>+H, base peak), .1.85, 156, 143, 139, 131 and 130. 
Reaction of methyl 10-[tetra2ln€s-3'-thione]undecanoate (XIII) 
iffith 1,2-dibromoethane 
A solution of XIII in ethanolic potassium hydroxide 
when refluxed with 1,2-dibromoethane afforded an oily product 
(XV), in high yield. 
BrCH2CH2Br 
: > 
K0H/C2Hr,0H 
(XIII) (XV) 
R =» CH3 
R' - {CH2)8COOCH3 
60 
Elemental analysis of the product (XV) corresponded to 
the formula C15H28O2N4S and it has not responded to the 
Beilstein test for the presence of bromine. IR spectrum of 
the compound (XV) displayed bands at 3350 (NH), 1630 (C=N), 
1560 (C-N) , and 1435 cm~l (CH2 —S) . NMR spectrum has 
illustrated an important broad signal at 5 5.3 (2H, NH, 
exchanged slowly with D2O). Other significant signals were at 
3.8 t (2H, NCH2) and 3.7 t (2H, CH2S). These evidences led to 
the conclusion that the compound (XV) was methyl 6',7'-
dihydro(4•H)-[2H1-thiazolo[3,2-b]-tetrazine-3',10-undecanoate. 
The structure of XV was further substantiated by its 
mass spectrum. It showed molecular ion peak at m/z 328 [M, 
Fig.10]. TwooC-cleavage mass ions present were at 313 and 157 
which have confirmed the position of heterocyclic 
system in the chain. Few more structure-revealing mass ions 
present were at 300, 228, 214 and 124 (scheme 10). Other 
fragments observed were at m/z 297 (M-OCH3), 296, 282, 281, 
271 (M-N2C2H5), 270 (271-H), 269, 268, 267 (268-H), 257 
(271-CH2), 255, 254, 252 (267-CH3), 213, 199, 185, 184 (185-
H), 183 (269-C3H4NS), 182 (183-H), 171, 170 (171-H), 168 
(183-NH), 155 (214-COOCH3), 153 (I68-CH3), 142 and 129. 
Reaction of methyl 10-[tetrazine-3'-thionelundecanoate (XIII) 
with 2-mercaptoethanol 
A mixture of XIII in acetic acid when reacted with 
2-mercaptoethanol and BF3-etherate at room temperature, an 
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oily reaction product was obtained which on fractionation 
over silica gel column has afforded the product (XVI) in good 
yield. 
HN 
! 
HN 
R' 
NH 
1 
NH 
HSCH2CH2OH 
BF3-etherate/CH3COOH 
R 
HN 
I 
HN 
6 
L 
R' 
"NH 
I 
NH 
(XIII) (XVI) 
R = CH3 
R' = (CH2)8COOCH3 
Compound (XVI) was found to have composition 
C15H30O3N4S. IR spectrum showed characteristic bands at 
3300 (NH), 1550 (C-N), 1450 (S-CH2, deformation), 1230 (S-
CH2f wagging), 1090 (oxathiolane ring) and 1740 ciu~l (ester 
carbonyl). Its NMR spectrum gave three diagnostic signals at 
(5 6,8 br m (4H, NH, slow D2O exchangeable), 4.0 br m (2H, 
CH2O) and 2.9 br m (2H, CH2-S). On the basis of above data 
the product (XVI) was identified as methyl 10-
[3'spirooxathio-lane-tetrazine]undecanoate. 
The MS of XVI corroborated the suggested structure by 
showing characteristic fragmentation pattern. Molecular ion 
was present at m/z 346 [M, Fig.llj. The diagnostic mass ions 
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at 331 and 17*^5 fragmenting from «c - to ring established the 
position of tj(:jo ring at Cjo. Two characteristic fragment ions 
at 316 and 314 confirmed the presence of oxathiolane moiety 
at C3 (scheme 11). The other fragments present were at 315 
(M~-0CH3), 302. iOO, 287, 206" (2n7-H) , 27i, 272, 271 (272-H) , 
259^ 2.1fi, 22B, 227 (228-H) , 214, 213 (214-11)/ 198 (213-CH3), 
189, 193 (214-OGH3), 174 (1715-U), 171,160, 157 and 145. 
CHAPTER-4 
OXATHIOLANE 
THEORETICAL 
Cyclic hemithioketals (oxathiolanes)^^ have been 
reported from steroidal as well as non-steroidal ketones by 
the condensation of 2-mercaptoethanol. Condensation of 
ketones with 2-mercaptoethanol or ethanedithiol are 
influenced by the use of sodium sulphate and zinc 
chloride5S'59^ hydrogen chloride in ether^^'^^ and toluene 
parasulphonic acid in benzene under azeotropic distillation 
employing a water separator^^, 
R 1 yO-CH2 
R 1 - C 0 - R 2 + HOCH2CH2SH > \ X 
RV ^ S - C H 2 
Initial attack on the carbonyl proceeds through the SH 
rather than OH function of the reagent.^^ Fieser^ -^  
synthesized thioketal, using boron trifluoride-etherate as a 
condensing agent by a more simpler method that appears to be 
of comparable applicability. 
Condensation of 2-mercaptoethanol with the acetylenic 
ketones have been capable of forming thioketal as 
hemithioketal derivatives. Nakhmanovitch et al.64 ^ave 
reported the synthesis of oxathiolane in fairly good yield by 
the reaction of 2-mercaptoethanol with oc-bromoacetylene. They 
64 
also conducted cyclocondensation of acetylenic ketone with 
2-mercaptoethanol to produce oxathiolane.^^ 
Oxathiolanes are converted to parent ketones on acid 
hydrolysis^^, but they are stable to base and lithium alumin-
ium hydride (LAH). 
Earlier ethylene hemithioketals were some what confined 
to short chain and cyclic ketones57-59, jt has been reported 
that the oxirane reacts with carbonyl compounds in presence 
of catalyst to give 1,3-dioxolane derivatives.^^ 
Catalyst "^^  \ / 
R1-CH - CH-R2 + R3-C0-R4 > I >< 
\ / V^-^^^^O^ \ R 4 
The oxathiolane derivatives^'^^^O ^f fatty acids have 
also been reported. Oxathiolanes have importance as 
radioprotectantsSS and for their biological activity^l. m 
recent years oxathiolanes have attracted attention due to 
their pharmaceutical utility72 ^^^ antineoplastic 
activities'^. 
DISCUSSION 
The aforementioned biological importance of 
oxathiolanes prompted us to synthesize fatty spiro 
oxathiolane dihydrotetrazoles, a novel class of compounds 
from epoxy fatty acid esters. Our synthetic strategy is 
based on the reaction of epoxides with dihydrotetrazole-
thiones in the presence of lithium bromide, as catalyst, 
adopting a known method.^^ 
Reaction of methyl 10,11-epoxyundecanoate (XVII) with 1-
phenyl-1,4-dihydrotetrazole-5-thione 
An equimolar mixture of methyl 10,11-epoxyundecanoate 
(XVII) and 1-phenyl-l,4-dihydrotetrazole-5-thione was 
refluxed in DMF in the presence of lithium bromide (LiBr) as 
catalyst. The reaction resulted in the formation of a 
homogenous product (XVIII) in excellent yield. 
R-CH - HC-R' (v /VN NH 
^0/ N. N 
> 
LiBr, DMF 
(^ V^ )^ (XVIII) 
R = H 
R' = (CH2)8COOCH3 
66 
The product (XVIII) obtained as a crystalline solid and 
analyzed for C19H28O3N4S. Its IR spectrum showed bands at 
3510 (NH), 1740 (ester carbonyl), 1600 (C=C), 1510, 1430, 
1390, 985 cin~l (tetrazole) . NMR spectrum of the compound 
displayed.signals at 5 7.54 m (5H, aromatic), 3.97 s (IH, NH, 
slow D2O exchangeable), 3.7 m (IH, CH-0) and 3.25 m (2H, 
CH2-S). On the basis of above spectral data the product 
(XVIII) was formulated as methyl 9-[(l-phenyl-6-oxa-9-thia-
l , 2 , 3 , 4-tetra-azaspi ro)14.4|nGn-2-en-7-yl]nonanoate. 
Mass spectrum of compound (XVIII) showed molecular ion 
peak at m/z 392 [M, Fig.12] along with [M+1] peak at 393. 
Mass ions at m/z 346, 315, 273, 228, 221, 201 and 192 have 
clearly established the nature of the product (scheme 12). 
Other peaks observed were at 361 (M-OCH3), 360 (M-CH3OH), 345 
(346-H) , 333 (M-COOCH3), 319 (M-CH2COOCH3), 303 (319-NH2)/ 
288 (303-NH), 287 (288-H) , 220 (221-H), 200 (201-H), 175, 169 
(2OI-CH36H), 144, 119 (118+H) and 118. 
Reaction of methyl 10,11-epoxyundecanoate (XVII) with l-(p-
fluorophenyl)-1,4-dlhydrotetrazole-5-thione 
Methyl 10,11-epoxyundecanoate (XVII), when refluxed 
with an equimolar quantity of 1-(p-fluorophenyl)-l,4-
dihydrotetrazole-5-thione in DMF in the presence of LiBr (as 
catalyst) afforded a residue. On final work up and silica gel 
column chromatographic purification gave a solid product 
(XIX) in good yield. 
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CH?—CH-R 
I I 
NH 
N = N 
m/z 315 
R = (CH2)8COOCH3 / \ N 
N: :N 
/ ; M J 392 
^ 
CH2—CH-R 
I I 
II 
NH 
m/z 273 
118 
.UA CH2 
C^ 
N = N 
m/z 192 
CH—R 
- ^ 
0+ 
H 
m/z 201 
CHo—CH 
I (I 
S 0 + 
<Q-NXNH 
N = N 
m/z 221 
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R-CH - HC-R' F-(v /)-N NH 
\ o / N N 
LiBr, DMF 
(XVII) (XIX) 
R = H 
R' = (CH2)8COOCH3 
The product (XIX), on microanalysis gave the 
composition corresponding to the molecular formula 
C19H27O3N4SF. IR spectrum of XIX displayed characteristic 
bands for NH grouping at 3500, 1735 (ester carbonyl) ^  1600 
(C=C) , 1510, 1430, 1390 and 985 cm~l (tetrazole). Its NMR 
spectrum exhibited diagnostic signals at d 7.66 m (2H), 7.3 
m (2H) for aromatic protons and at 3.9 as singlet (slow D2O 
exchangeable) for NH proton. Other signals observed were at 
3.55 m (IH, CH-0), and 3.23 m (2H, CH2 S). On the basis of 
these data the compound (XIX) was characterized as methyl 9-
[1-(4-fluorophenyl)-6-oxa-9-thia-l,2,3,4-tetra-azaspiro)I4.4| 
non-2-en-7-yl]nonanoate. 
MS was further useful in supporting the assigned 
structure (XIX). Molecular ion peak at m/z 410 [M, Fig.13], 
followed by a peak at m/z 409 (M-1). The ion peak at m/z 239 
obtained from oC -cleavage of the ring, established the 
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+N NH 
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nn/z3T5 
^ M / ^ \ F-<G>-N 
N 
NH 
N 
F-V^N 
N^ 
y 
CH2 
C 
m/2 36A m/z 210 
+ 
NH 
N 
+ C H 2 — C H R 
I I 
5 0 
> < 
HN ^NH F 
m/z 288 
CH2 —CH 
^ ^ I I 
N = N 
m/z 239 
R=:(CH2)eCOOCH3 
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position of the ring (scheme 13). The other significant peaks 
present were as 379 (M-OCH3), 378 (M-HOCH3), 364, 363 (364-
H), 351 (M-COOCH3), 315, 288, 273, 210, 201, 169 (2IO-CHN2), 
168 (169-H), and 136 (base peak). 
Reaction of methyl cis-9,10-epoxyoctadecanoate (XX) with 1-
phenyl-1,4-dihydrotetrazole-5-thione 
Methyl cis-9,10-epoxyoctadecanoate (XX) was similarly 
refluxed with equimolar quantity of l-phenyl-1,4-
dihydrotetrazole-5-thione in DMF in the presence of catalytic 
amount of LiBr. After final work-up it gave an oily residue 
which on column chromatographic resolution yielded a compound 
(XXI) in good yield in isomeric form. 
S 
R-CH - HC-R' 
I 
R-CH - HC-R' <v /VN NH 0/S 0/S \ / ^^ '^ ' / = \ x : 
^0/ N N <\ / V N N-H 
LiBr, DMF N M 
(XX) (XXI) 
R = (CH2)7CH3 
R' = (CH2)7COOCH3 
The product (XXI) was obtained as a liquid and 
analyzed for C26H42O3N4S. The IR spectrum displayed bands at 
3250 (NH) . 1735 (ester carbonyl) 1600 {C=C) , 1500, 1440, 
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R = ( C H 2 ) 7 C H 3 
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N N 
m/z .333 
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1350 and 985 cin"l (tetrazole grouping) . The conclusive 
support in favour of the product (XXI) was obtained from its 
NMR spectrum. It gave a singlet at 5 5.42 for one proton 
of NH (slow D2O exchangeable) and two multiplets at 3.9 (IH, 
CH-0) and 3.35 (IH, CH-S). On the basis of these values the 
compound (XXI) was formulated as methyl [7(8)-octyl-l(4)-
phenyl-6-oxa-9-thia-l,2,3,4-tetra-azaspiro(4.4)non-2-en-8(7)-
yl]octanoate. 
The mass spectrum gave molecular ion at m/z 490 [M, 
Fig.14] along with (M+1) peak at m/z 491. The mass ions at 
377 and 333 ( oc -cleavage) have fixed the position of 
the ring. Further peaks at m/z 348/332, 304/288 and 
203/187 have given a clear evidence in favour of an isomeric 
nature of the product (XXI) (scheme 14). Other fragments 
observed were at m/z 488 (M-2H), 459 (M-OCH3), 458 (459~H), 
431 (M-COOCH3), 427 (459-S), 426 (427-H), 413, 390 (491-
(CH2)3COOCH3), 376 (377-H), 328 (M-C6H6CON4), 313 (312+H), 
312 (M-C6H6CSN4) 295 (313-H2O), 294 (295-H) 171 (328-R') and 
155 (312-R'). 
Reaction of methyl cis 9,10-epoxyoctadecanoate (XX) with 
1-(p-fluorophenyl)-1,4-dihydrotetrazole-5-thione 
The reaction of methyl cis 9,10-epoxyoctadecanoate (XX) 
with l-(p-fluorophenyl)-l,4-dihydrotetrazole-5-thione was 
70 
carried out as described earlier. Final work up of the 
reaction mixture and after purification by column 
chromatography yielded an oily compound (XXII) as an isomeric 
mixture. 
S 
U R-CH - HC-R' 
/=\ / ^ ' I 
R-CH - HC-R' F-(\ />-N NH 0/S_ J)/S 
\ / ^^^11 
^0^ N N LiBr, DMF 
(XX) (XXII) 
R = (CH2)7CH3 
R' = (CH2)7COOCH3 
Elemental analysis of the product (XXII) corresponded 
to the molecular formula C26H41O3N4SF. The compound (XXII) 
had the characteristic IR absorption bands at 3200 (NH), 1735 
(ester carbonyl) , 1590 (C=C) 1510, 1450, 1350 and 980 cm"! 
(tetrazole ring). The NMR spectrum of the compound (XXII) was 
more helpful in elucidation of the structure and exhibited 
signals at d 5.4 s (IH, NH, slow D2O exchangeable), 3.9 m 
(IH, CH-0), and 3.32 m (IH, CH-s). The structure methyl 
[1(4)-(4-fluorophenyl)-7(8)-octyl-6-oxa-9-thia-l,2,3,4-tetra-
azaspiro|4.4|non-2-en-8(7)-ylJoctanoate was assigned to XXII. 
The structure of XXII was further substantiated by its 
mass spectrum. It showed a molecular ion peak at m/z 508 [M, 
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Fig.15], Similarly, in this case, the mass peaks at m/z 395 
and 351 resulting from the ^c-cleavage of the ring have 
confirmed its position in the fatty acid chain (scheme 15), 
The isomeric nature of the structure is proved by the mass 
ions at m/z 366/350, 322/306 and 203/187. Other fragments 
also observed were at m/z 488 (M-HF), 477 (M-OCH3), 457 
{488-OCH3), 456 (457-H), 449 {M-COOCH3), 413, 385 (413-N2), 
312 (M-C7H5FN4S), 294 (312-H2O), and 162 (base peak). 
CHAPTER-5 
CYCLIC PHOSPHATE DERIVATIVES 
THEORETICAL 
Organophosphates74 first reported as a chemical warfare 
agents were found useful for pest control. The discovery of 
the biological activity of the organophosphorus esters 
originated with the chance observation of Lange and Kreuger^^ 
that casual exposure to the vapour of diethyl 
phosphorofluoridate produced strong cholinergic effects in 
human beings. Synthesis of organophosphorus compounds 
reported'76 and it was estimated that 50,000 of such compounds 
were prepared and screened for insecticidal activity, of 
which, over three dozen have been produced commercially.^^ 
The naturally occurring phosphorus derivatives of fatty 
acids play an important role in the life processes of plants 
and animals. Organophosphates, one of the most versatile 
group of pesticides, have mitigated the problems of 
persistent pesticides. They have several orders of toxicity 
from insects to mammals. 
Diamond etal.78 ^ave prepared pbo&pborus-containing 
esters of several naturally occurring long chain hydroxy 
acids. Roussis and f7iemer79 have prepared phosphonates from 
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oc-hydroxy c a r b o n y l compounds and d i a l k y l p h o s p h o r o c h l o r i d a t e s 
i n p r e s e n c e of Lewis a c i d . 
CI 
I OC2H5 
0 Oi=:P< 0 
II O C 2 H 5 II 
> c — c - > >c - c -
I Lewis a c i d |^OC2H5 
OH 0 3 = P 
\OC2H5 
CI 
I OC2H5 
0 0 = P < 0 
II O C 2 H 5 II 
>C C-OCH3 > >C C-OCH3 
I I 
OH 0 
l / H 
\0C2H5 
Recently 1,3,2-oxazaphospholidine-2-ones have proved 
useful ,as phosphorylethanolamine synthones. Euerby^^ et al. 
have been used 1,3,2-oxazaphospholidin-2-one, in the 
synthesis of phosphorylethanolamine. 
HO-CO-CH-CH2OH 0 
I (C2H5)3N II/O-CH2 
NH2 > H0-C0-CH-CH2-0-P(^ | 
+ HOCH2CH2NH2 I ^N-CHo 
POCI3 NH2 I 
H 
Euerby and co-worker^l have earlier used this strategy 
in the synthesis of alkoxy and aryloxy-phosphoryl 
ethanolamine of physiological82-84 ^^d medicinal 
importance.85-87 
74 
0 
CH3OH + POCI3 
(C2H5)3N 
HOCH2CH2NHCH3 
II / O - C H 2 
CH3 — 0 — P I 
^ N —CH2 
I 
CH3 
2-Alkoxy-l,3,2-oxazaphospholidine-2-ones88'85 v/ere 
prepared by the reaction of (-) ephedrin with phosphorus 
halid in the presence of appropriate alcohol. 
CH3 
I 
HN — 
HO — 
CH3 
+ POCI3 
(C2H5)3N R-0-
> 
ROH/ether 0' 
CH3 
I 
'N — 
CHo 
C6H5 
v C6H5 
McGuigan^O reported the transformation of 
2-chloro-3-inethyl-l,3 ,2-oxazaphosphacyclopentane to 2-alkoxy-
3-methyl-l,3,2-oxazaphosphacyclopentane with long chain 
alcohols. 
CHo 
I 
H2C N-^ 
H2C 0^ 
:P-CI 
CHo 
I 
ROH, (C2H5)3N H2C N.....^  
CH2CI2 H2C 0--^ 
Magolda and Johnson^l have demonstrated the use of 2-
alkoxy-l,3,2-dioxaphosphacyclopentane-2-one in the synthesi£ 
of alkyl phosphorylcholines. 
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0 
{C2H5)3N/ether 11^0 — CH2 
ROH + POCI3 > RO—P I 
HOCH2CH2OH ^ 0 CH2 
In a similar strategy a cyclic thiophosphorainidate have 
been used as intermediate in the preparation of 
thiophosphoryl-ethanolamine by Orr and co-workers.92 
Cooper et aj,*^^ have reported the synthesis of 
l,3,2-oxathiaphosphorinan-2-ones and 1,3,2-dioxaphospho-
phorinan-2-thiones from corresponding diol and hydroxy thiol 
in presence of methyl phosphoric dichloride and 
triethylamine. 
S 
-o-v 
HO-x (C2H5)3N || 
W ' + CH3-PSCI2 > CH3 P; 
HO—<^/ diethylether 
0 
HS-x (C2H5)3N H ^ S - ^ 
>—> + CH3-POCI2 > CH3 PCf ) 
H O — ( / diethylether ^ ^ 0 — / 
Stec and Mikolajczyk^^ synthesized 2-chloro,4-methyl 
l,3,2-dioxaphosphorinan-2-ones by the reaction of butane 
1,3-diol with POCI3. The reaction of 2-chloro, 
4-methyl-l,3,2-dioxaphosphorinane-2-one with aniline resulted 
in the formation of 2-N-phenylamino-4-methyl-l,3,2-
dioxaphosphorinane-2-one.95 
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CHo t OH OH 
CH3 
— OH 
OH 
+ POCI3 
Qrm2 
+ POC13 > 
CI 
The reaction of butane 1,3-diol with PSCI3 was 
reported^e to give 2-chloro-l,3,2-dioxaphosphorinan-2-
thiones. 
CH3 L 
) OH 
^^—OH 
+ PSCI3 CI 
Mikolajczyk and Luczak^^ reported the stereospecific 
synthesis of 2-hydroxy-2-thio (seleno)-4-niethyl 1,3,2-
dioxaphosphorinanes. 
Aksnes e t a l .98 have prepared 2-alkoxy-4-methyl-
1,3,2-dioxaphosphorinanes and 2-alkoxy-2-mercapto-4-iiiethyl-
1,3,2-dioxaphosphorinanes. 
DISCUSSION 
In recent years, interest has arisen in the synthesis 
and evaluation of new phosphorus derivatives of hydroxy fatty 
acids for their possible industrial utilization as agricul-
tural chemicals, plasticizers, surface coatings, flame 
retardant and hydraulic fluid. Keeping in view the relative 
abundance of fats and the importance of basic phosphorus 
chemicals, these investigations are a part of continuing 
search for new or improved fatty acid based products likely 
to be useful in chemical and allied industries. 
The present work describes the successful synthesis of 
phosphorus derivatives from methyl 10-hydroxyundecanoate 
using phosphorus oxychloride (POCI3) and triethylamine in dry 
diethyl ether followed by cyclization with ethylene glycol, 
2-mercaptoethanol, aminoethanol and ethylene diamine. 
Reaction of methyl 10-hydroxyundecanoate (XXIII) with 
phosphorus oxychloride and ethylene glycol 
The reaction of methyl 10-hydroxyundecanoate (XXIII) 
with POCI3 and triethylamine was carried out in diethyl 
ether. The TLC examination showed in-situ formation of a 
single non-isolable intermediate product which was further 
reacted with ethylene glycol. On fractionation over silica 
gel column an oily product (XXIV) was obtained in high yield. 
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R 
>CH-OH 
R' 
POCl-
Diethylether 
(C2H5)3N 
• > 
R 
0 
R II 
>CH-0-P 
R' 
CI 
HOCH2CH2OH 
>CH-0-P 
R' 
0 CH2 
I 
0 CH2 
R 
R' 
(XXIII) 
CH3 
(CH2)8COOCH3 
(XXIV) 
Elemental analysis of the product (XXIV) corresponded 
to formula C14H27O6P. Its IR spectrum exhibited bands at 
1740 (COOCH3), 1380 (OCH2)/ 1260 (P=0) and 1155 cm"! (P-0-
alkyl). There was no evidence of free hydroxyl band (3300-
3400). Its NMR spectrum gave conclusive support in favour of 
the product (XXIV). It exhibited a characteristic singlet at 
6 3.96 for four-methylene protons of the ring. The appearance 
of this absorption as singlet confirmed the identical 
environment of the two methylene groups of the dioxalane 
ring. A significant multiplet for one proton was observed at 
4.3 (CH-0). Terminal methyl group has resonated at 1.5 as a 
doublet. On the basis of the above data the product (XXIV) 
was characterized as methyl 10-[l,3,2-dioxaphospholidine-2-
one)undecanoate. 
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Additional support for the structure of (XXIV) was 
obtained from the study of mass spectrum. It gave no 
molecular ion peak at m/z 322, [M, Fig.16] . But diagnostic 
mass ions were present at m/z 307, 151 (cleavage to 
oxygen), 295, 292 and 200 (Scheme-16). Other fragments 
present were at 296 (M-C2H2), 291 (M-OCH3), 282 (296-CH2), 
281 (282-H), 279 (296-OH), 278 (279-H), 277, 250 (28I-OCH3), 
249, 237 (296-COOCH3), 236, 235 (236-H), 234 (235-H), 233 
(250-OH), 215, 179, 166, 165 (166-H), 149, 136 and 74 (base 
peak) . 
Reaction , of methyl 10-hydroxyundecanoate (XXIII) with phos-
phorus oxychloride and 2-inercaptoethanol 
A similar treatment of XXIII with POCI3, triethylamine 
and 2-mercaptoethanol afforded a yellowish product (XXV). 
0 
R Diethyl ether R 11 .0 CHo 
>CH-OH + POCI3 > >CH-0-P^ I 
R" HOCH2CH2SH R' ^s CH-) 
+ (C2H5)3N 
(XXIII) (XXV) 
R = CH3 
R' = (CH2)8COOCH3 
The elemental analysis of XXV showed the presence of 
sulphur and corresponded to the formula C14H27O5SP. Its IR 
80 
spectrum showed the incorporation of oxathiolane ring in the 
chain, containing phosphorus at the ring junction. The char-
acteristic IR bands were found at 1450 (CH2-S deformation) 
1250 fC-S wagging), 1255 {P=0), 1150 (P-0-alkyl), and 1375 
cm"^ (OCH2). Its NMR proved to be more informative about 
nature of the structure. The NMR spectrum have shown signals 
at ^  4.0 m (H, QU-0), 3.9 t (2H, CH2O, of ring partly merged 
with CH-0 signal), 2.9 t (2H, CH2-S) and a diagnostic doublet 
at 1.5 (J=7 Hz) for terminal methyl protons. On the basis of 
these spectral data the product (XXV) was characterized as 
methyl 10-[1/3,2-oxathiaphosphalidine-2-oneJundecanoate. 
The MS of XXV corroborated the suggested structure by 
showing characteristic fragmentation. This compound showed no 
molecular ion at m/z 338 [M, Fig.17]. The characteristic 
fragments at m/z 323, 167 (oc-cleavage) and 181 ( fb -cleav-
age) have established the position of the substituents at C^Q 
in the product (XXV) (scheme 17). Other structure-justifying 
fragment ions observed were at m/z 310, 308, 307 (M-OCH3) ^ ^^ 
(307-H), 294, 292, 279 (307-CO), 278 (279-H), 265 (279-CH2), 
262, 237 (279-C3H6), 235 (279-CH2CH2O), 234 (235-H), 215, 203 
(279-SCH2CH2O), 202 (203-H), 200, 199 (200-H), 184, 183 
(184-H), 171, 168 (I99-OCH3), 166 (167-H), 157, 156 (184-CO), 
155 (156-H), 152, 142 (156-CH2), and 74 (base peak). 
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Reaction of methyl lO-hydroxyundecanoate (XXIII) with phos-
phorus oxychloride and aminoethanol 
Similarly XXIII was reacted with POCI3, triethylamine 
and aminoethanol. The reaction mixture obtained was light 
yellow and viscous in nature which on purification over a 
silica-gel column afforded an oily product (XXVI) in 
excellent yield. 
R 
>CH-OH 
R' 
Diethylether 
POCI3 > 
HOCH2CH2NH2 
+ (C2H5)3N 
R 11 vO CH2 
> C H - o - p ; ^ I 
R" ^ N CH2 
H 
R 
R' 
( X X I I I ) 
CH3 
(CH2)8COOCH3 
(XXVI) 
Microanalysis gave the composition C14H28O5NP for 
compound (XXVI). Its IR spectrum displayed bands at 3350 (-NH 
stretching), 1730 (-COOCH3), 1370 (OCH2), 1240 (NH-CH2)/ 1260 
(P=0) and 1155 cm"! (P-0-alkyl). NMR spectrum of XXVI showed 
diagnostic triplet at S 5.4 (IH, HN-CHj, D2O exchangeable), 
a broad multiplet at 4.2 - 3.85 (3H, CH2N, signal of methine 
proton, -CH-0, partly merged with the signal of CH2N 
protons), a triplet at 3.4 (2H, OCH2), and a doublet at 1.45 
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(3H, CH3-CH, J=7Hz). On the basis of the above discussed data 
the product (XXVI) was characterized as methyl 10-[1,3,2-
oxazaphospholidin-2-one]undecanoate. 
MS Studies have further confirmed the basic skeleton of 
the product (XXVI), but showed no molecular ion peak at m/z 
321 [M, Fig.18]. However the structure-revealing peaks 
present were at m/z 306, 150 (cleavage oc-to oxygen at C^Q)' 
164 (cleavageys-to oxygen at C^o), which confirm the position 
of ring substituent at CIQ carbon (scheme 18). Other 
significant ion peaks present were at m/z 295, 293 (M-
CH2CH2), 292, 291, 290 (M-OCH3), 289 (290-H), 279 278, 277, 
265 (295-OCH2), 264 (265-H), 263 (295-CH3OH), 262 (M-COOCH3), 
248 (279-OCH3), 237 (265-CO), 236 (237-H), 235 (236-H), 234, 
205, 200, 199 (200-H), 191 (205-CH2], 167 (I99-CH3OH), 165, 
164 (165-H), 148 (165-OH), 147 (148-H), 136 tl65-CH2NH], 135 
(136-H), and 74 [base peak]. 
Reaction of methyl 10-hydroxyundecanoate (XXIII) with phos-
phorus oxychloride and ethylene diamine 
Methyl 10-hydroxyundecanoate (XXIII) was allowed to 
react with POCI3, triethylamine and ethylene diamine in the 
same fashion as described earlier. An oily product (XXVII) 
was obtained in high yield. 
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R Diethylether 
>CH-OH + POCI3 > 
R' H2NCH2CH2NH2 
+ (C2H5)3N 
(XXIII) 
R = CH3 
R' = (CH2)8COOCH3 
R 
H 
0 I 
II .N CH2 
>CH-O-P: I 
R' \ N-
H 
(XXVII) 
CH2 
The product (XXVII) obtained as liquid analyzed for 
C14H29O4N2P. Its IR spectrum exhibited bands at 3350 (NH, 
stretching), 1735 (COOCH3), 1240 (NH-CH2), and 1255 cm-1 
(P=0). Its NMR spectrum has exhibited a broad multiplet for 
two D2O exchangeable protons (NH) at d 5.3. Further a 
multiplet at 4.1 (IH, CH-0). A singlet was observed at 3.4 
as a triplet assigned to the couple of methylene groups 
protons (4H) sandwitched between two nitrogen atoms. Beside 
these, a doublet at 1.6 for terminal methyl protons was also 
present. These observations characterized the compound 
(XXVII) as methyl 10-[l,3,2-diazaphospholidin-2-oneI 
undecanoate. 
ma 
The structure of XXVII was further substantiated by its 
ss spectrum. It gave no molecular ion peak at m/z 320 [M, 
Fig.l9J. But some structure-revealing fragment ions present 
-^ere at m/z 305 and 149 came from cleavage oC-to oxygen at 
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Cio carbon and at m/z 163 for cleavagey3 -to oxygen at C^Q 
(scheme 19). Other significant ion peaks present were at m/z 
294 (M-C2H4), 292, 291, 290 (291-H), 289 (M-OCH3), 288 (289-
H), 277, 275, 274 (275-H), 261 (289-CO), 260 (29I-OCH3), 259 
(260-H), 247, 235 (26I-C2H2)/ 233 (26I-C2H4), 219 (235-NH2), 
205, 200, 199 (200-H), 167 (I99-CH3OH), 135 and 74 (base 
peak). 
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EXPERIMENTAL PROCEDURES 
All melting points were observed on a Kofler apparatus 
and are uncorrected. Infrared (IR) spectra were obtained 
with a Shimadzu 408 spectrophotometer. IR values are given 
in cm~l. Ultraviolet (UV) spectra were determined on Pye 
Unicam PU8800 spectrophotometer. Nuclear magnetic resonance 
(NMR) spectra were run on a Varian A-60D instrument with 
tetramethylsilane (TMS) as internal standard. NMR values are 
given in ppm (6 ). The abbreviations, w, s, d, m, br and t' 
denote 'weak, singlet, doublet, multiplet, broad and 
triplet', respectively. Mass spectra (MS) were measured with 
an AEIMS-902 mass spectrometer at 70 eV. In the absence of 
'ACCURATE' and 'DEUTERATED' mass spectra all the 
fragmentation schemes are to be considered tentative. Only 
structure revealing values of IR and NMR are discussed, 
other are given in experimental. 
Th 
w' " 
in layer chromatographic (TLC) plates were coated 
ith silica gel G and sprayed with a 20% aqueous solution of 
perchloric acid. TLC plate were charred at 110° C for 10 
minutes. Column chromatography was carried out with silica 
gel (60-120 mesh) using 25-30 g per g of material to be 
separated. Elution was usually effected with petroleum ether 
(bp 40-600 c) or benzene containing increasing proportion of 
diethylether. Mixture of petroleum ether and diethyl ether 
will be referred as PE followed by numericals to indicate the 
relative volumes of diethylether. 
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The starting materials used were either of commercial 
grade (10-undecenoic acid) or isolated from natural 
sources :12-hydroxyoctadec-.ci^-9-enoic (ricinoleic) and 9-
hydroxyoctadec-cis-12-enoic (isoricinoleic) acid from Ricinus 
cummunis^B ^^d Wrightia tinctoria^^ seed oils respectively, 
following Gunstone's partition procedure^O. Fatty acid 
methyl esters were prepared by using CH30H/H'*'. All the 
solvents and reagents used in synthetic transformations were 
thoroughly purified and dried. 
Preparation of 9,12-dioxooctadecanoic acid (II) oxymercura-
tion-Jones' oxidation^lf32 ^f i2-hydroxyoctadec-^is-9-enoic 
acid (I) 
To a mixture of acetone (80 ml), water (2 ml), and 
mercuric acetate (4g), 12-hydroxyoctadec-cis-9-enoic acid (I, 
6 g) was added and the reaction was stirred at bath 
temperature (50-60*^  C) for 4 hrs. To this mixture Jones 
reagent (60 ml, 0.6M) was added over a period of 4 hrs, 
while the bath temperature was maintained at 30-35 °C. The 
dark green-brown reaction mixture was stirred for additional 
2 hrs. Then the content was poured into ice cold water and 
extracted with diethyl ether and dried over anhydrous sodium 
sulphate (Na2S04). Evaporation of diethyl ether gave a semi-
solid product which on crystallization from petroleum ether-
acetone (80:20) gave white crystals of II, in 80% yield, 
elted at 93-940c [lit.31^32^ j^ p^^  94-950C] . m 
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Analysis : Found: C, 69.13, H, 10.33 for C18H32O4 Calcd.: C, 
69.19, H, 10.32%; IR(K Br)'• 1*700 (COOH) 1692 cm-1 (>-C=0) ; 
NMR(CDCl3)* ^ 2.67 s (4H,-COCH2-CH2-CO-) , 2.3 in (6H, 2 x 
CH2CO and CH2COOH). 
Reaction of 9,12-dioxooctadecanoic acid (11) with acetamide, 
benzamide, urethane, benzylamine and p-toluidine 
General Procedure: 
An equimolar amount of the dioxo acid (II, 10 m mol) 
and the amides or amines (10 m mol) in dry benzene (100 ml) 
was refluxed for 4-6 hrs in the presence of a catalytic 
amount of toluene-p-sulphonic acid (p-TSA) (no catalyst was 
used in the case of amines). The completion of the reaction 
was confirmed by TLC, the mixture was extracted with 
dichloromethane and extracts were washed with water and dried 
over anhydrous sodium sulphate. Evaporation of the solvent 
yielded an oily product which was purified by column 
chromatography on silica gel. 
Reaction of 9,12-dioxooctadecanoic acid (II) with acetamide 
9,12-Dioxooctadecanoic acid (li, 3.12 g, 10 m mol) ; 
benzene (50 ml); acetamide (0.59 g, 10 m mol); p-TSA (10 mg), 
column chromatography (PE 15); product (lij); yield 70%. 
III-Analysis (Found: C, 71.5; H, 9.88; N, 4.1; C20H33O3N 
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requires: C, 71.6; H, 9.9; N, 4.1%); IR(neat)• ^200 (COOH), 
1535 (C-H, pyrrole ring), 1720 (COOH) and 1680 cm~^ (NCOCH3); 
UV(methanol) •  206 nm; NMR(CDC13)5^ 9.85 br s (IH, COOH, D2O 
exchangeable), 5.84 s (2H, ethylenic protons), 2.7 m (4H, 2 x 
CH2 oc-to ring), 2.55 s (3H, -COOCH3), 2.35 m (2H, CH2 to 
acid carbonyl), 1.26 br s {18H, (CH2)g) and 0.95 t (3H, 
terminal CH3); MS: m/z 335 (M). 
Reaction of 9,12-dioxooctadecanoic acid (II) with benzamide 
9,12-Dioxooctadecanoic acid (II, 3.12 g, 10 m mol); 
benzene (50 ml); benzamide (1.21 g, 10 m mol); p-TSA (10 mg), 
column chromatography (PE 12); product (IV); yield 65%. 
IV-Analysis (Found; C, 75.4; H, 8.9; N, 3.5; C25H35O3N 
requires: C, 75.5; H, 8.9; N, 3.55%); IR(neat)' ^200 (COOH), 
1720 (COOH), 1675 (NCO-Ph), 1607 (C=C), 1535 (C-H, pyrrole 
ring) and 765 cm"-'- (mono-substituted benzene) ; UVjmethanol) • 
235 nm; NMR^CDCIT ) • ^  ^  • 5** ™ (5H, aromatic protons), 5.78 s 
(2H, ring ethylenic protons), 2.45 m (4H, CH2 oc-to ring), 
2.22 m (CH2 oc-to acid carbonyl)1.3 br s (18H, chain CH2) and 
0.95 t (3H, terminal CH3): MS: m/z 397 (M). 
Reaction of 9,12-dioxooctadecanoic acid (II) with urethane 
9,12-Dioxooctadecanoic acid (II, 3.12 g, 10 m mol); 
benzene (50 ml); urethane (0.89 g, 10 m mol); p-TSA (10 mg), 
column chromatography (PE 15); product (V); yield 70%. 
V-Analysis (Found: C, 68.8-, H, 9.5; N, 3.81; C21H35O4N re 
89 
quires: C, 69.0; H, 9.6; N, 3.9%); IR(neat)= 3200 (COOH), 
1535 (C-H, pyrrole ring), 1740 (COOCH2CH3)and 1715 cra-1 
(COOH); UV(methanol)5 222 nm; NMR(CDC13)- ^ 8.83 br s (IH, 
(COOH), 5.78 s (2H, ring ethylenic protons), 4.3 q (2H, J=4 
Hz, COOCH2 CH3)r 2.63 in (4H, CH2 «:-to ring), 2.2 m (2H, CH2 
oc-to acid carbonyl), 1.23 br s (18H, Chain CH2) / 1.18 t (3H, 
COOCH2CH3; merged in part with chain CH2 signal) and 0.85 t 
(3H, terminal CH3) : MS.- m/z 365 (M) . 
Reaction of 9,12-dioxooctadecanoic acid (II) with benzylamine 
9,12-Dioxooctadecanoic acid {II, 3.12 g, 10 m mol); 
benzene (50 ml); benzylamine (1.07 g, 1.1 ml, 10 m mol); 
column chromatography (PE 15); product (VI); yield 68%. 
VI-Analysis (Found C, 78.0; H, 9.80; N, 3.7; C25H37O2N re-
quires: C, 78.2; H, 9.85; N, 3.79%). IR(neat)- 3200 (COOOH), 
1710 (COOH), 1600 (C=C), 1510 (C-H, pyrrole ring) and 770 
cm~^ (substituted benzene). UVj^igthanol) ' ^^^ ^'^' ^^ (^CDCl-a) *i5 
7.28 m (3H, aromatic protons), 6.84 m (2H, aromatic protons), 
5.82 s (2H, ring ethylenic protons), 4.95 s (2H, CH2 C5H5) , 
2.32 m (4H, CH2 DC-to ring), 2.2 m (2H, CH2 oc-to acid carbo-
nyl), 1.35 br s (18H, Chain CH2), and 0.98 t (3H, terminal 
CH3) : MS: m/z 383 (M) . 
Reaction of 9,12-dioxooctadecanoic acid (II) with p-toluidine 
9,12-Dioxooctadecanoic acid (Ii, 3.12 g, 10 m mol) 
benzene (50 ir,l); p-toluidlne (1.07 g, 10 m mol); column 
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chromatography (PE 15); product (VII); yield 70%. 
VII-Analysis (Pound: C, 78.30; H, 9.80; N, 3.73, C25H37O2N 
requires: C, 78.50; H, 9.84; N, 3.75%). IR(neat)• ^200 (COOH) 
1715 (COOH), 1605 (C=C), 1520 (C-H, pyrrole ring) and 760 
cm~l (monosubstituted benzene) . UV(jnethanol) • 201 nm. 
NMR(CDCl3 )• <5 7.20-6.85 m {4H, benzene), 5.83 s (2H, 
ethylenic protons), 2.4 m (4H, CH2 «:-to ring), 2.32 s (3H, 
CH3-C6H5, merged in part with the signals at 2.4), 2.18 m 
{2H, CH2 CXI-to acid carbonyl), 1.35 br s (18 H, chain CH2) 
and 0.98 t (3H, terminal CH3); MS: m/z 383 (M). 
Preparation of methyl 12-oxooctadecanoate (VII) 
Pure 12-hydroxyoctadec-cis-9-enoic acid on hydroge-
nation with Pd-C in ethyl acetate at room temperature yielded 
12-hydroxyoctadecanoic acid, (m.p. 80-91° C; lit.35 82° C). 
Jones' oxidation34 of this saturated hydroxy acid furnished 
12-oxooctadecanoic acid, (m.p. 8O-8IO C; lit.35 81.5° c). On 
esterif ication with CH30H/H'^, methyl 12-oxoocta-decanoate 
(VIII, m.p. 44-44.50 C; lit.35 450 c) was obtained. VIII-
Analysis (Found: C, 72.98; H, 11.57, C19H36O3 requires: C, 
73.03; H, 11.61%) IR(nujol)- "^715 (C=0) , and 1740 cm"! 
(COOCH3). NMR(CDClq)' ^ 2.3 m (6H, methylene protons to 0x0 
and esters), 3.62 (COOCH3), 1.3 (chain CH2) and 0.88 (termi-
nal CH3) . 
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Preparation of methyl 9-oxooctadecanoate (X) 
Pure 9-hydroxyoctadec-cls-12-enoic acid on hydroge-
nation and followed by oxidation afforded 9-oxooctadecanoic 
acid (m.p. 81.5-82.5°C; lit.35 830C) which was converted to 
methyl 9-oxooctadecanoate (X) by CE^OE/E'^ (m.p. 47-48° C; 
lit.35 47.5° C). X-Analysis (Found: C, 73.0; H, 11.58; 
C19H36O3 requires: C, 73.03; H, 11.61%). IR(nujol)' 1715 
(CO), 1735 (COOCH3). NMR(CDCl3)S^ 3.62 (COOCH3), 2.25 (6H, 
CH2)/ 1.3 (chain CH2) and 0.9 (terminal CH3). 
Preparation of methyl 10-oxoundecanoate (XII) 
Mercuric acetate (15.95 g, 50 m mol) was dissolved in a 
50:50 mixture of water and tetrahydrofuran (50 ml each) and 
stirred vigrously.33 TQ this mixture 10-undecenoic acid (9.2 
g, 50 m mol) was added and stirred for 1 hr at room 
temperature to complete the oxymercuration stage. Sodium 
hydroxide solution (50 ml, 2M) was added, followed by sodium 
borohydride solution (50 ml, 0.5M) in sodium hydroxide (3M) 
for the reduction of the adduct at room temperature. Sodium 
chloride was added to saturate the water layer and then the 
mercury was allowed to settle down. The reaction mixture was 
acidified with dil. HCl to regenerate the acid as well as to 
destroy the excess of sodium borohydride. Reaction mixture 
was extracted with diethyl ether, washed with water and 
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dried over anhydrous sodium sulphate. Evaporation of the 
solvent followed by crystallization from PE 50 furnished 10-
hydroxyundecanoic acid (8.0 g) m.p. 49^0 (lit.35 49.50C). 
10-Hydroxyundecanoic acid (7.8 g) was dissolved in 
acetone and cooled to 10 C in an ice bath. Jones' reagent^^ 
(30 ml) was added dropwise with constant stirring over a 
period of 1 hr. The mixture was poured in ice cold water, 
extracted with diethyl ether, washed with water and dried 
over anhydrous sodium sulphate. Evaporation of the solvent 
and crystallization from petroleum ether: benzene (1:1/ v/v) 
yielded 10-oxoundecanoic acid (6.8 g), m.p. 58.5-590c (lit.34 
59OC) and methyl 10-oxoundecanoate (XII) was prepared by 
CH3OH/H+. XII-Analysis (Found: C, 67.28; H, 10.28; C12H22O3) 
requires: C, 67.26; H, 10.35%. IR(CHCl3)' 1720 cm~l (C=0), 
NMR(CDCi^); b 2.36 t (4H, oc-methylene protons), 1.8 s (3H, 
CH3CO), 1.3 br s (chain CH2) and 3.6 s {3H, COOCH3). 
Reaction of VIII, x and XII with thiocarbohydrazide 
General procedure: 
To an ethanolic solution of 0x0 compounds (5 m mol), a 
solution of thiocarbohydrazide (5 m mol) in acetic acid (10 
ml) was added over a period of 15 minutes. After complete 
addition of thiocarbohydrazide solution the reaction mixture 
was worked-up with diethyl ether. The ethereal solution was 
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washed with water, sodium bicarbonate solution (5%) and again 
with water and dried over anhydrous sodium sulphate. 
Evaporation of the solvent provided semi solid residue which 
on crystallization from methanol furnished product in 
quantitative yield. 
Reaction of methyl 12-oxooctadecanoate (VIII) with thiocar-
bohydrazide 
Methyl 12-oxooctadecanoate (VIII, 1.55 g, 5 m mol); 
ethanol (5 ml); thiocarbohydrazide (0.53 g, 5 m mol); 
cr 
acetic acid (10 ml); product (IX); yield 95%; m.p. 100 C. 
IX-Analysis (Found: C, 59.99; H, 10,0; 13.92; C20H40O2N4S 
requires: C, 59.95; H, 10.06; N, 13.98%). IR(KBr)' 3190 (NH), 
HN 
1740 (COOCH3), 1565, 1230 and 1170 cm"! (CS-NH, >=S), 
HN 
NMR(CDCl3) • «^  4.7 br s (4H, NH, D2O exchangeable), 3.65 s (3H, 
OCH3) , 2.3 br m (6H, ex: - to ester carbonyl and cx:-to ring), 
1.35 br s (chain CH2), and 0.85 t (terminal CH3); MS: m/z 400 
(M). 
Reaction of methyl 9-oxooctadecanoate (X) with thiocarbo-
hydrazide: 
Methyl 9-oxooctadecanoate (X, 1.55 g, 5 m mol); ethanol 
(5 ml); thiocarbohydrazide (0.53 g, 5 m mol); acetic acid 
(10 ml); product (XI); yield 94%; m.p. 102°C . XI-Analysis 
(Found: C, 59.98; H, 10.03; N, 14.0; C20H40O2N4S requires: C, 
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59.95; H, 10.06; N, 13.98%). IR(KBr)• 3190 (NH), 1740 
HN 
(COOCH3), 1560, 1230 and 1170 cm-1 (CS-NH, >=S). 
HN 
NMR(CDClo) • ^  4.65 br s (4H, NH, D2O exchangeable), 3.63 t 
{3H, OCH3), 2.3 br in (6H, cc-to ester carbonyl and oc-to 
ring), 1.33 br s (chain CH2) and 0.84 t (terminal CH3). 
MS : m/z 400 (M). 
Reaction of methyl 10-oxoundecanoate (XII) with thiocarbo-
hydrazide 
Methyl 10-oxoundecanoate (XII, 1.07 g, 5 m mol) ethanol 
(5 ml); thiocarbohydrazide (0.53 g, 5 m mol); acetic acid (10 
ml); product (XIII); yield 97%; m.p. 120 °C. XIII-Analysis 
(Found: C, 51.60; H, 8.6; N, 18.50; C13H26O2N4S requires C, 
51.60; H, 8.66; N, 18.52%; IR(KBr)' 3100 (NH), 1740 (COOCH3) 
HN 
and 1560, 1220, 1170 cm"! (CS-NH, >=S); NMRICDCIO)' 
HN ^ 
6 5.15 br s (4H, NH, slow, D2O exchangeable)^ 3.65 s (3H, 
OCH3),2.2 br m (4H, CH2oc-to carboxyl and oc-to ring), 1.88 s 
(3H, terminal CH3) and 1.25 br s (chain CH2); MS: m/z 302 
(M). 
Reaction of methyl 10-[tetrazine-3'-thione]undecanoate (XIII) 
with chloroacetic acid 
A mixture of XIII (2g, 6 m mol), chloroacetic acid 
(0.57 g, 6 m mol) and fused sodium acetate (0.5 g, 6 m mol) 
were taken in anhydrous ethanol (70 ml) and the mixture was 
heated under reflux for 3 hrs and allowed to stand over 
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night at room temperature. The progress of the reaction was 
monitored by TLC. The solid thus obtained was filtered, 
washed well with water, dried and crystallization from etha-
nol gave white needles of XIV, m.p. 12^C in 80% yield. 
XIV-Analysis (Found: C, 52.60; H, 7.65; N, 16.36; C15H26O3N4S 
requires: C, 52.62; H, 7.69; N, 16.39%), IR(KBr)s 3250 (NH), 
1735 (COOCH3), 1675 (>NCO), 1635 (C=N), 1570 (C-N), and 1440 
cml (CH2-S). NMR(CDCl3) s<^3.75 s (2H, S-CH2CO) , 3.69 s (2H, 
NH, slow D2O exchangeable), 3.64 s {3H, OCH3), 2.29 br m (2H, 
CH2 csc-to ring), 1.9 s (3H terminal CH3) and 1.3 br s (chain 
methylene). MS: m/z 342 (M). 
Reaction of methyl 10-[tetrazine-3'-thione]undecanoate (XIII) 
with 1,2-dibromoethane 
A mixture of XIIJ (2g, 6 m mol) and 1,2-dibromoethane 
(1.129 g, 6 m mol) in ethanolic potassium hydroxide (5%, 20 
ml) were heated under reflux for 3 hrs The progress of the 
reaction was monitored by TLC. After completion of the 
reaction, the reaction mixture was concentrated, cooled in 
ice bath and neutralized with dil. acetic acid. It was 
worked-up with diethyl ether, and an oily residue was 
obtained after evaporation of the solvent. The oily product 
on colump chromatography using PE 50 furnished XV in 70% 
yield. Several attempts were failed to crystallize the 
product. XV-Analysis (Found: C, 54.84; H, 8.59; N, 17.05; 
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C15H28O2N4S requires: C, 54.87; H, 8.61; N, 17.09%); 
IR(neat)- 3350 (NH), 1735 (COOCH3), 1630 {C=N), 1560 (C-N)/ 
and 1435 cm~l (CH2-S) . NMRjcod ); 6 5.3 br m (2H, NH, slow 
D2O exchangeable), 3.8 t (2H, NCH2), 3.70 t (2H, SCH2), 3.60 
s (3H, COOCH3), 2.1 s (3H, terminal CH3) and 1.3 br s (chain 
CH2); MS: m/z 328 (M). 
Reaction of methyl 10-Itetrazine-3'-thione]undecanoate (XIII) 
with 2-mercaptoethanol 
A solution of XIII (2g, 6 m mol) in acetic acid (25 
ml), 2-merceptoethanol (0.4 q, 0.5 ml, 6 m mol) and BF3-
etherate (5 ml) was stirred at room temperature for 50 
minutesi, At the end of the reaction, acetic acid was removed 
in vacuo. The residue was extracted with diethyl ether, 
washed with 5% aqueous solution of sodium bicarbonate and 
dried over anhydrous Na2S04. After evaporation of the 
solvent, an oily residue was obtained which was 
chromatographed over silica gel column (PE 8) and afforded an 
oily product (XVI) in 60% yield. XVI-Analysis (Found: C, 
51.99; H, 8.72; N, 16.16; C15H30O3N4S requires, C, 52.01; H, 
8.78; N, 16.19%). IR(neat)«* 3300 (NH) , 1740 (COOCH3) , 1550 
(C-N), 1450 (S-CH2» deformation), 1230 (S-CH2, wagging) and 
1090 CiTi"! (oxathiolane ring). NMR(CDCI2)' ^ ^'^ ^^ ^  (^ '^ ^H, 
slow D2O exchangeable), 4.0 br m (2H, CH2-0), 3.65 s (3H, 
COOCH3), 2.9 br m (2H, CH2-S), 2.3 t (2H, CH2 oc- to ring 
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merged in part with CH2 oc-to ester carbonyl), 1.95 s (3H, 
terminal CH3), and 1.2 br s (chain CH2); MS; m/z 346 (M). 
Preparation of methyl 10,11-epoxyundecanoate (XVII) and 
methyl cis-9,10-epoxyoctadecanoate (XX) 
General Procedure 
Epoxidation of methyl undecenoate and methyl 
cis-9,10-octadecenoate were carried out in chloroform (150 
ml) with meta-chloroperbenzoic acid^S (m-CPBA) as an oxidant. 
The reaction mixture was kept at room temperature for 3-4 
hrs. After the removal of the solvent, the reaction mixture 
was extracted with diethyl ether and washed with 10% aqueous 
solution of sodium sulphite to destroy the excess of perox-
ides. The organic layer was then shaken with aqueous sodium 
bicarbonate solution (5%) and dried over anhydrous sodium 
sulphate. Removal of organic layer gave almost quantitative 
yield of epoxide which was purified by preparative silica gel 
TLC (1 mm) using PE as a developing solvent. 
Methyl undecenoate (0.99 g, 5 m mol); chloroform (150 
ml); m-CPBA (1.39 g, 8 m mol); Preparative TLC (PE 20); oily 
product (XVII); yield 85%. XVII-Analysis (Found: C, 67,35; H, 
10.36; C12H22O3 requires: C, 67.50; H, 10.40%). IR(neat)^ 
835 cm-1 (epoxide); NMR(CDC13): ^ 2.9-2.5 br (3H, CH9 - CH-
centered at 2.65). ° 
98 
Methyl cis-9^10-octadecenoate (1.56 g, 5 m mol) ; 
chloroform (150 ml); m-CPBA (1.39 g, 8 m mol); Preparative 
TLC (PE 20); oily product (XX); yield 80%. XX-Analysis 
(Found: C, 77.09; H, 12.25; C19H36O2 requires: C, 77.12; H, 
12.28%). IR(neat)• ^^^ ^"^ ^20 cm"l (cis-epoxide); 
NMR(CDCl3)! ^  2.9 m (2H, HC^-^CH) , 
Preparation of 1-substituted l,4-dihydrotetrazole-5-thione^3 
A mixture of organic isothiocyanate (0.5 ra mol) and 
sodium azide (75 m mol) was dissolved in 100 ml of water and 
refluxed for a period of 4 hrs. The mixture was then cooled 
and filtered. The filterate was then extracted twice with 
diethyl ether to remove any unreacted isothiocyanate present. 
The aqueous layer was cooled and acidified with concentrated 
hydrochloric acid to pH 3. The product precipitated out, at 
this stage/ was filtered and washed with water. Crystalliza-
tion of the crude product from ethanol produced 1-substituted 
1,4-dihydrotetrazole-5-thione. 
Reaction of XVII and XX with l-phenyl-l,4-dihydrotetrazole-
5-thione and l-(p-fluorophenyl)-l,4-dihydrotetrazole-5-thione. 
General Procedure: 
To a well stirred solution of the epoxy ester (5 ra mol) 
in DMF (15 ml) in the presence of lithium bromide (0.001 m 
mol), the reagent thione (5 ra mol) was added. The reaction 
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mixture was allowed to proceed under reflux for 12 minutes 
and then diluted with water (50 ml), extracted with diethyl 
ether (2 x 100ml). The ethereal layer was dried over 
anhydrous sodium sulphate and evaporated under reduced 
pressure. The reaction mixture was purified by column 
chromatography (PE). The solid products were crystallized 
from methanol. 
Reaction of methyl 10,11-epoxyundecanoate (XVII) with 1-
phenyl-l/4-dihydrotetrazole-5-thione 
Methyl 10,11-epoxyundecanoate (XVII, 1.07 g, 5 m mol) ; 
DMF (15 ml); 1-phenyl-l,4-dihydrotetra2ole-5-thione (0.89 g, 
5 m mol); LiBr (0.001 m mol); column chromatography (PE 40); 
product (XVIII); yield 72%, m.p. 59-60° C. XVIII-Analysis 
(Founds C, 58.6; H, 7,1; N, 14.0; C19H28O3N4S requires: C, 
58.14; H, 7.18; N, 14.27%). IR(KBr)^ 3510 (NH), 1740 (ester 
carbonyl), 1600 (C=C) 1510, 1430, 1390 and 985 cm'l 
(tetrazole). NMR(CDC1O)'^ 7.54 m (5H, aromatic), 3.97 s (IH, 
NH, slow D2O exchangeable), 3.7 m (IH, CH-0), 3.6 s (3H, 
COOCH3), 3.25 m (2H, CH2S), 2.30 t (2H, CH2CO), and 1.27 br s 
(14H, chain CH2). MS: m/z 392 (M). 
Reaction of methyl 10,11-epoxyundecanoate (XVII) with l-(p-
fluorophenyl)-l,4-dihydrotetrazole-5-thione 
Methyl 10,11-epoxyundecanoate (XVII, 1.07 g, 5 m mol); 
DMF (15ml); l-(p-fluorophenyl)-l,4-dihydrotetrazole-5-thione 
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(0.89 g, 5 m mol); LiBr (0.001 m mol); column chromatography 
(PE 40); yield 64%; m.p. 54-55 C. XIX-Analysis (Found: C, 
56.1; H, 6.5; N, 13.2; C19H27O3N4SF requires: C, 55.9; H, 
6.62; N, 13.64%). IR(KBr)J 3500 (NH), 1735 (ester carbonyl), 
1600 (C=C), 1510, 1430, 1390 and 985 cm"! (tetrazole). 
NMR(CDC1'5 )• ^ 1'^^ m (2H, aromatic), 7.3 m (2H, aromatic), 
3.9 s (H, NH, slow D2O exchangeable), 3.65 s (3H, COOCH3) 
3.55 m (IH, CHO), 3.23 m (2H, CH2S), 2.23 t (2H, CH2CO) and 
1.29 br s (14H, Chain CH2). MS; m/z 410 (M). 
Reaction of methyl cis-9,lO-epoxyoctadecanoate (XX) with 1-
phenyl-1,4-dihydrotetrazole-5-thione 
Methyl cis-9,10-epoxyoctadecanoate (XX, 1.56 g, 5 m 
mol); DMF (15 ml); 1-phenyl-l,4-dihydrotetrazole-5-thione 
(0.89 g, 5 m mol); LiBr (0.001 m mol); column chromatography 
(PE 45); oily product (XXI); yield 71%. XXI-Analysis (Found: 
C, 64.1; H, 8.5; N, 11.0; C26H42N4O3S requires: C, 63.63; H, 
8.62; N, 11.41%); IR(neat)s 3250 (NH), 1735 (ester carbonyl) 
1600 (C=C), 1500, 1440, 1350 and 985 cm"! (tetrazole). 
NMR{CDCl3)5 5 5.42 s (IH, NH, slow D2O exchangeable), 3.9 m 
(IH, CH-0), 3.6 s (3H, COOCH3), 3.35 m (IH, CH-S), 2.23 t 
(2H,CH2CO), 1.27 br s (26H, Chain. CH2) and 0.87 t (3H, 
terminal CH3): MS: m/z 490 (M) and 491 (M+1). 
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Reaction of methyl cis-9,10-epoxvoctadecanoate (XX) with 
l-(p-fluorophenyl)-l,4-dihydrotetrazole-5-thione 
Methyl cis-9/lO-epoxyoctadecanoate (XX, 1.56 g, 5 in 
mol); DMF (15 ml); l-(p-fluorophenyl)-l,4-dihydrotetrazole-
5-thione (0.89 g, 5 m mol); LiBr (0.001 m mol); column 
chromatography (PE 45); oily product (XXII); yield 60%. 
XXII-Analysis (Found; C, 61.8; H, 8.0; N, 10.8, C26H41O3N4SF 
requires: C, 61.38; H, 8.12; N, 10.01%, IR(neat) ' 3200 (NH), 
1735 (ester carbonyl), 1590 (C=C), 1510, 1450, 1350 and 980 
cm"l (tetrazole). NMR(CDClq )' ^ 5.4 s (IH, NH, D2O 
exchangeable), 3.9 m (IH, CH-0), 3.6 s (3H, COOCH3), 3.32 m 
(IH, CH-S). MS; m/z 508 (M). 
Preparation of methyl 10-hydroxyundecanoate (XXIII) 
The formation of methyl 10-hydroxyundecanoate 
(XXIII) was achieved by the methylation of 10-
hydroxyUndecanoic acid as described earlier during the 
preparation of methyl 10-oxoundecanoate (XII). XXIII-Analysis 
(Calcds for C11H22O3S C, 65.31; H, 10.95; Found;C, 65.20; H, 
10.89%. IR(KBr)5 3380 cm"! (OH); NMR(cci/): ^ 3.8 m (IH, 
CHOH), 3.6 br s (IH, CHOH, D2O exchangeable). 
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Reactions of methyl 10-hydroxyundecanoate (XXIII) and phos-
phorus oxychlorlde with ethylene glycol, 2-niercaptoethanol 
aminoethanol and ethylene diamine 
General Procedure: 
The requisite alcohol (XXIII) was added to a solution 
of phosphorus oxychloride and triethylamine, under nitrogen, 
in anhydrous diethyl ether at QOC. The reaction was stirred 
for 30 minutes. To this reaction mixture, triethylamine (2-
equivalent) and reagents (ethylene derivatives) were then 
added at room temperature. The reaction mixture was stirred 
for 5 hrs. The completion of the reaction was monitored by 
TLC and then filtered. The filtrate was washed with water and 
dried over anhydrous sodium sulphate. Purification over 
silica gel (column chromatography) using different ratio of 
petroleum ether-diethyl ether (PE) as eluents, afforded 
viscous oily compounds. 
Reaction of methyl 10-hydroxyundecanoate (XXIII) with phos-
phorus oxychloride and ethylene glycol 
Methyl 10-hydroxyundecanoate (XXIII, 1 g, 4.62 m mol); 
phosphorus oxychloride (1.06 g, 0.65 ml, 6.93 m mol); 
triethylamine (0.70 g, 0.97 ml, 6.93 m mol); diethyl ether 
(25 ml); ethylene glycol (0.43 g, 0.39 ml, 6.93 m mol); 
column chromatography (PE 5); oily product (XXIV); yield 80%. 
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XXIV-Analysis (Found: C, 52.29; H, 8.50; C14H27O6P requires: 
C, 52.22; H, 8.45; IR{neat)- 1740 (COOCH3), 1380 (OCH2)/ 1260 
(P=0) and 1155 cm~l (P-0-alkyl) ; NMR(CDCIO) -^^  4.3 m (CH-0), 
/O-CH2 ^ 
3.96 s (4H, P ), 3.65 s (3H, COOCH3), 2.22 m (methyl-
^0-CH2 
ene proton<tto carbonyl) , 1.5 d (3H, terminal-CHs) and 1.3 br 
s (chain CH2)f MS: m/z 322 (M, absent). 
Reaction of methyl lO-hydroxyundecanoate (XXIII) with phos-
phorus oxychloride and 2-inercaptoethanol 
Methyl 10-hydroxyundecanoate (XXIII, Ig, 4.62 m mol); 
phosphorus oxychloride (1.06 g, 0.65 ml, 6.93 m mol); 
triethylamine (0.70 g, 0.97 ml, 6.93 m mol); diethyl ether 
(25 ml); 2-mercaptoethanol (0.54 g, 0.5 ml, 6.93 m mol); 
column chromatography (PE 8); oily product (XXV); yield 75%. 
XXV-Analysis (Found: C, 49.85; H, 8.10; C14H27O5SP requires: 
C, 49.74; H, 8.05; IR(neat)- 1^50 (CH2-S, deformation), 1375 
{OCH2); 1255 (P=0), 1250 (C-S, wagging) and 1150 cm"l (P-0-
alkyl); NMR(CDC1O ) ' ^ 4.0 m (IH, CH-0), 3.9 t (2H, CH2O of 
ring, partly merged with the signal of CH-0), 3.6 s (COOCH3), 
2.9 t (2H, CH2S) , 2.3 m (methylene oc-to carbonyl), and 1.5 d 
(3H, terminal CH3, J=7 Hz); MS: m/z 338 (M, absent). 
Reaction of methyl 10-hydroxyundecanoate (XXIII) with phos-
phorus oxychloride and aminoethanol 
Methyl 10-hydroxyundecanoate (XXIII, Ig, 4.62 m mol) 
phosphorus oxychloride (1,06 g, 0.65 ml, 6.93 m mol); 
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triethylamine (0.70 q, 0.97 ml, 6.93 m mol); diethyl ether 
(25 ml); aminoethanol (0.42 g, 0.42 ml, 6.93 m mol); column 
chromatography (PE 10); oily product (XXVI); yield 80%. 
XXVI-Analysis (Found: C, 52.40; H, 8.81; N, 4.40; C14H28O5NF 
requires: C, 52.38; H, 8.79; N, 4.36; IR(neat)• 3350 (NH 
stretching), 1730 (COOCH3), 1370 (OCH2),1240 (NH-CH2), 1260 
(P=0), and 1155 cm"! (P-0-alkyl): NMR(CDC13 )' ^  5.4 (IH, 
NH-CH2, D2O exchangeable), 4.2 - 3.85 br m (3H, CH2-N and 
CH-0). 3.65 s (3H, COOCH3), 3.4 t (2H, OCH2)/ 2.35 t (2H, 
to carbonyl), 1.45 d (3H, CH3-CH, J=7 Hz). MS: m/z 321 (M, 
absent). 
Reaction of methyl 10-hydroxyundecanoate (XXIII) with phos-
phorus oxychloride and ethylene dieunine 
Methyl 10-hydroxyundecanoate (XXIII, 1 g, 4.62 m mol); 
phosphorus oxychloride (1.06 g, 0.65 ml, 6.93 m mol); 
triethylamine (0.70 g, 0.97 ml, 6.93 m mol); diethyl ether 
(25 ml); ethylene diamine (0.42 g, 0.47 ml, 6.93 m mol); 
column chromatography (PE 8); oily product (XXVII); yield 
77%. XXVII-Analysis (Found: C, 52.59; H, 9.15; N, 8.79; 
C14H29O4N2P requires: C, 52.54; H, 9.13; N, 8.75; IR(neat)' 
3350 (NH, stretching), 1735 (COOCH3), 1240 {NH-CH2) and ^^55 
cm-1 (P=0). NMRfCDClg )!5 5.3 br m (2H, HNCH2CH2NH, D2O 
exchangeable), 4.1 m (IH, CH-0), 3.65 s (3H, COOCH3), 3.4 s 
(4H, N-CH2-CH2-N), and 1.6 d (3H, terminal CH3): MS: m/z 320 
(M, absent) . 
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